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(57) ABSTRACT

A mobile vehicle 1 has two wheels 5, 5 on the rear side of a
vehicle body 3, and is capable of causing a roll driving
moment to act on the vehicle body 3 by an actuator 33 in a roll
driving mechanism 23. A control device 70 controls the actua-
tor 33 such that the function characteristics of the roll driving
moment implemented by the control of the actuator 33 with
respect to a vehicle body roll angle (inclination angle in the
roll direction of the vehicle body 3) become as shown in FIG.
6A or 6B.

14 Claims, 10 Drawing Sheets

MOMERT
A&

(+) CRAVITATIONAL
FORCE MONENT




U.S. Patent May 3, 2016 Sheet 1 of 10 US 9,327,569 B2

W Y%
Uheoa

< B ‘*?\3& | _ ] |
T
3

9,9




U.S. Patent May 3, 2016 Sheet 2 of 10 US 9,327,569 B2




U.S. Patent May 3, 2016 Sheet 3 of 10 US 9,327,569 B2

FG.3
f“ ?G
61 (ONTROL DEVICE
STEERING ANGLE SEHSORI -t
82 71
VEHICLE SPEED SEMSOR b | DESIRED ROLL DRIVING
5 MOMENT DETERMINING
) el
SECTION
VERICLE BODY ROLL ANGLE SENSOR b
Pahia 72
A N S —
-85 DETERMINING SECTION
COUPLING TWIT A
ANGLE SENSOR *
5_.--~"6§
MOTOR-SIDE ROTATIONAL
SPEED SENSOR ®

i !‘ﬁ33

ELECTRIC MOTOR




US 9,327,569 B2

Sheet 4 of 10

May 3, 2016

U.S. Patent

P R L 2 T TSP

NOLDS SRR g

I —
pLUIG By

LR

LY PP - =

o LA

e T A LT

¥8

3584 G §

\\\&aaysitcl)>)i1(<c*)>))<<<!:}):.<<a:r

LG A 3

J15RY TION A0S
DA DhR

&

3

28"

;ittlepxxxttlelniiitlft!;ﬁi

\\."ww,...“ v oy

H

@

B T SR RN

;sx::r))»\‘:tréb)e:zrr»w;»atmvao'!,\vvw¢¢@a

4]

£

-

14

s R

pres
i

ot

43

R

SRV VRN AN S A A

o ] 7 Ul

e P B B B e 4

NOILTS SNINIVREIAC
Y THINY TIOH A004
TTHIA TIYLTIY

(1o zm)

R

P g

E-N

Y

DS an - -

PPN

bocmazanAnS

A S i S 8 1 ) K X K P e B

1o

B T S S S T T

-

EEE LR S T

) el W e

R L L

N

/
L8

EA

k4 :

-, ?

Y| 3

4 B :
18 et
: PP v :
g T YR H
e 1o¥ g :
<

<

B e L T R P e e

e rSnas s reas s \.‘eeoe.;.a.\ki:i&:;»::ewf;i ot S ST BB R Bl ot e 5 R

ARV VARAR AW MY NA R AR ARG R RE R ARG v st aOOOCRNKRRTITan

J08g g

e /

L

P Tl

plsl=ible iy 8



U.S. Patent May 3, 2016 Sheet 5 of 10 US 9,327,569 B2
FIG.5A
8=0 N
4

ACCEPTABLE
§~ VEHICLE BODY ROLL
: ANGLE AREA

e “lim R

J:":' &b base

i 1 v RIGHT—
(-3 { {4} Gb
§= §x C0) v
&
fien L s d
ACCEPTABLE
YEHICLE BODY ROLL ™
AHGLE AREA |
i R
¥ ™ 8 b base
T RIGHT—
3% -
(“) 4] (+) @ b
S=-8xKO) ¥
4
¥ blimR
.';
Yot BEPTABLE
iy | VEHICLE BODY ROLL
e L Y| ANGLEAREA
8 b base” !
il RIGHT—
: oA
'V A —— o



U.S. Patent

May 3, 2016

Sheet 6 of 10

HG.6A

FAOMENT
&
(+)}  GRAVITATIONAL
FORCE MOMENT

imR 4.7

Ld

HG.6B

(+) GRAVITATIONAL
FORCE MOMENT

8 b base

-

US 9,327,569 B2



U.S. Patent May 3, 2016 Sheet 7 of 10 US 9,327,569 B2

FHG.7
72
/
. i
wm_act
d¢_act
Md omd

T d
l—b Ky bl Jm L0 o




U.S. Patent May 3, 2016 Sheet 8 of 10
wz=0 Y
&
| AT
L VEHICLE BODY ROLL
| ANGLEAREA
.ﬁﬂ?«gu"ﬂ' ? ﬁwiiﬁ'i R
‘-1::.:‘ | ',f:j £ b base
LB RIGHT—
hE g
=) 0 ®

wz= wza OO0 v
4

Sy Lo
ACCEPTABLE ]
VEHICLE BODY ROLL 4] “lim R
MGIEARES I .
s &b base
LB V., RIGHT—
oy Ty O

FI6.8C

wz=-wza KOy V
4

| VEHICLE BODY ROLL
| ANGLE AREA

RIGHT— ab
e
+)

US 9,327,569 B2



U.S. Patent

US 9,327,569 B2

May 3, 2016 Sheet 9 of 10
HG.9A
§= §dx O
v
F
:

S RIGHT
o=

8
s
$
y ~8bbase
L Vaty
014

(-3 0
86( & x} O

&b

{

8= -8 x (KO}

~8 b basa

Y2 RiGHI—
8 B0 b

) ¢ )
(-8 %) KB




U.S. Patent May 3, 2016 Sheet 10 of 10 US 9,327,569 B2

o G
im R

Fan 4
L o
¥




US 9,327,569 B2

1
MOBILE VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a mobile vehicle the turn-
ing behavior of which can be changed with inclination of the
vehicle body.

2. Description of the Related Art

A mobile vehicle which has a seat section for an operator
and two wheels at least as the front wheels or the rear wheels
arranged on the right and left spaced apart from each other,
and which allows the vehicle body to be inclined to the right
orleft (in the roll direction) by an actuator or by shifting of the
operator’s body weight, has been conventionally known.

For example, Japanese Patent Application Laid-Open No.
S59-149878 (hereinafter, referred to as “Patent Literature 17°)
or Japanese Patent Application Laid-Open No. 2005-088742
(hereinafter, referred to as “Patent Literature 2”) describes a
three-wheeled mobile vehicle which has one wheel as a front
wheel and two wheels (pair of right and left wheels) as rear
wheels and which is configured to allow the vehicle body to
be inclined to the right or left together with the front wheel.

Patent Literature 1 proposes a technique wherein, while the
vehicle is stopped or traveling at low speeds, a torque (in the
roll direction) according to the steering angle of the front
wheel serving as the steered wheel is applied to the vehicle
body by an actuator.

Patent Literature 2 proposes a technique wherein, under the
vehicle speed conditions of 0 to 5 km/h (while the vehicle is
stopped or traveling at low speeds), an angle of inclination (of
the inclining vehicle body frame side with respect to the
center surface) by the resultant force of gravitational force
and centrifugal force is detected by an inclination sensor, and,
on the basis of the detected value of the inclination angle, a
torque in the roll direction is applied to the vehicle body frame
side, by a torque application mechanism having an actuator,
so as to make the inclination angle zero (or, such that the
falling moment by the shift of center of gravity and the rising
moment by the centrifugal force are balanced).

SUMMARY OF THE INVENTION

With the technique shown in Patent Literature 1 above,
however, the front wheel (steered wheel) is steered so as to
cause the torque in the roll direction to act on the inclinable
vehicle body from the actuator. Therefore, in the case where
the vehicle body is inclined while the vehicle is stopped, for
example, in order to prevent further inclination of the vehicle
body against the moment that acts on the vehicle body by the
gravitational force, or in order to cancel the inclination of the
vehicle body, the operator will have to intentionally steer the
steered wheel; otherwise, the operator him/herself will have
to support the vehicle body.

Further, when the vehicle body is inclined, if the operator
erroneously steers the steered wheel in the direction opposite
to the inclination (to the right or left) of the vehicle body, a
torque further increasing the inclination of the vehicle body
may act on the vehicle body from the actuator.

With the technique shown in Patent Literature 2 above, the
torque application mechanism is configured to apply a torque
to the vehicle body, while the vehicle is stopped or traveling
at low speeds, such that the inclination of the vehicle body is
constantly kept at the inclination where the moment because
of'the shift of center of gravity and the moment because of the
centrifugal force are balanced. This is likely to restrain the
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effect by the operator of intentionally changing the inclina-
tion of the vehicle body by shifting his/her body weight.

The present invention has been accomplished in view of the
foregoing, and it is an object of the present invention to
provide a mobile vehicle which can appropriately control the
angle of inclination either to the right or left of the vehicle
body having a boarding section for an operator, and which
allows the operator to readily change the inclination of the
vehicle body by shifting his/her body weight.

In order to achieve the above object, the mobile vehicle
according to the present invention is a mobile vehicle includ-
ing

a vehicle body having a boarding section for an operator
and inclinable in a roll direction with respect to a road surface,

two wheels disposed spaced apart from each other in a
lateral direction on at least one of a front side and a rear side
of the vehicle body, and

a roll driving mechanism having an actuator and causing a
roll driving moment as a road surface reaction force moment
in the roll direction to act on the vehicle body in accordance
with a driving force output by the actuator,

the mobile vehicle having a characteristic that, while trav-
eling, a turning behavior changes in accordance with a shift in
the lateral direction of the body weight of the operator seated
on the boarding section, and having a characteristic that,
while being stopped, in the case where the vehicle body is
inclined in the roll direction in the state where the roll driving
moment acted on the vehicle body by the roll driving mecha-
nism is zero, the inclination of the vehicle body further
increases by a gravitational force moment which is a moment
in the roll direction acting on the vehicle body because of
gravitational force,

the mobile vehicle including a control device which con-
trols the actuator of the roll driving mechanism in such a way
as to change the roll driving moment at least in accordance
with an observed value of a vehicle body roll angle which is
an inclination angle in the roll direction of the vehicle body,
wherein

the control device is configured to control the actuator of
the roll driving mechanism such that, at least in a case where
an actual vehicle speed of the mobile vehicle is higher than a
first prescribed vehicle speed, function characteristics of the
roll driving moment implemented by the control of the actua-
tor of the roll driving mechanism by the control device with
respect to the vehicle body roll angle have following proper-
ties A, B, and C (first invention).

Property A: a magnitude of roll driving moment sensitivity
defined by the function characteristics can be classified as
large and small, the magnitude of the roll driving moment
sensitivity becomes small in a first vehicle body roll angle
area which is one range of the vehicle body roll angle, and the
magnitude of the roll driving moment sensitivity becomes
large in a second vehicle body roll angle area which is a range
of'the vehicle body roll angle larger than an upper limit of the
first vehicle body roll angle area and in a third vehicle body
roll angle area which is a range of the vehicle body roll angle
smaller than a lower limit of the first vehicle body roll angle
area.

Property B: the roll driving moment in each of the second
and third vehicle body roll angle areas is a moment in a
direction of causing the observed value of the vehicle body
roll angle to approach within the first vehicle body roll angle
area.

Property C: the magnitude of the roll driving moment
sensitivity in the first vehicle body roll angle area is smaller
than a magnitude of gravitational force moment sensitivity,
and the magnitude of the roll driving moment sensitivity in
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each of the second and third vehicle body roll angle areas is
larger than the magnitude of the gravitational force moment
sensitivity.

Here, in the present invention, the polarity of the vehicle
body roll angle can be defined, for example, as follows: the
vehicle body roll angle is zero in the state where the mobile
vehicle is traveling straight ahead; the vehicle body roll angle
is positive in the state where the vehicle body is inclined to
one of the right and left sides; and the vehicle body roll angle
is negative in the state where the vehicle body is inclined to
the other of the right and left sides.

Further, the “roll driving moment sensitivity” in the present
invention means the sensitivity of the change in the roll driv-
ing moment to the change in the vehicle body roll angle. The
“gravitational force moment sensitivity”” means the sensitiv-
ity of the change in the gravitational force moment to the
change in the vehicle body roll angle.

Further, in the present specification, the “observed value”
of an arbitrary state quantity related to the mobile vehicle (the
aforesaid vehicle body roll angle or the like) means a detected
value or an estimate of the actual value of the state quantity. In
this case, the “detected value” means an actual value of the
state quantity which is detected by an appropriate sensor. The
“estimate” means a value which is estimated from a detected
value of at least one state quantity having correlation with the
state quantity, on the basis of the correlation, or it means a
pseudo estimate (for example, a desired value) which can be
considered to coincide with, or almost coincide with, the
actual value of the state quantity.

According to the first invention described above, the func-
tion characteristics of the roll driving moment, implemented
by the control of the actuator of the roll driving mechanism,
with respect to the vehicle body roll angle have the aforesaid
properties A, B, and C. Therefore, in the state where the
observed value of the vehicle body roll angle falls within the
first vehicle body roll angle area, the operator seated on the
boarding section can readily change the actual vehicle body
roll angle in a desired direction, by shifting the body weight to
the right or left.

On the other hand, in the state where the observed value of
the vehicle body roll angle falls outside the first vehicle body
roll angle area (in other words, in the state where the observed
value of the vehicle body roll angle falls within the second
vehicle body roll angle area or the third vehicle body roll
angle area), as the observed value of the vehicle body roll
angle gets farther away from the first vehicle body roll angle
area, the roll driving moment serving to cause the actual
vehicle body roll angle to return to within the first vehicle
body roll angle area is generated quickly.

This relatively firmly prevents the actual vehicle body roll
angle from further deviating from the angle of inclination
within the first vehicle body roll angle area (prevents the
vehicle body from being further inclined to the right or left).

Therefore, according to the first invention, it is possible to
appropriately control the angle of inclination of the vehicle
body either to the right or left, and also facilitate the operator
to change the inclination of the vehicle body by shifting
his/her body weight.

Supplementally, in the first invention, the control device
may be configured to control the actuator of the roll driving
mechanism such that the function characteristics of the roll
driving moment, implemented by the control of the actuator
of the roll driving mechanism by the control device, with
respect to the vehicle body roll angle have the aforesaid
properties A, B, and C, irrespective of whether or not the
actual vehicle speed of the mobile vehicle is higher than the
first prescribed vehicle speed.
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In the first invention, it is preferable that the control device
is configured to control the actuator of the roll driving mecha-
nism such that, at least in the case where the actual vehicle
speed of the mobile vehicle is higher than the first prescribed
vehicle speed, the function characteristics further have fol-
lowing property D (second invention).

Property D: the roll driving moment changes monotoni-
cally with respect to the vehicle body roll angle.

Here, in the second invention, the statement that the roll
driving moment “changes monotonically” with respect to the
vehicle body roll angle means that the roll driving moment
increases monotonically, or decreases monotonically, with
respect to the vehicle body roll angle.

More specifically, for example when the positive direction
of'the roll driving moment is defined to be the positive direc-
tion of the vehicle body roll angle, in the second invention, the
statement that the roll driving moment “changes monotoni-
cally” with respect to the vehicle body roll angle means that
the roll driving moment decreases monotonically with
respect to the vehicle body roll angle. When the positive
direction of the roll driving moment is defined to be the
negative direction of the vehicle body roll angle, in the second
embodiment, the statement that the roll driving moment
“changes monotonically” with respect to the vehicle body roll
angle means that the roll driving moment increases mono-
tonically with respect to the vehicle body roll angle.

It should be noted that the monotonic decrease or increase
described above means the monotonic decrease or increase in
a broad sense. Therefore, in the second invention, the afore-
said function characteristics may be the characteristics that
the roll driving moment within a partial range of the vehicle
body roll angle (for example, in the aforesaid first vehicle
body roll angle area) is maintained constant.

According to the second invention, it is possible to cause
the roll driving moment implemented by the control of the
actuator of the roll driving mechanism to change continu-
ously with respect to the change ofthe vehicle body roll angle.

In the first or second invention described above, it is pref-
erable that the control device is configured to control the
actuator of the roll driving mechanism in accordance with an
observed value of the vehicle body roll angle and an observed
value of the vehicle speed such that a width of the first vehicle
body roll angle area in the function characteristics becomes
narrower as the vehicle speed of the mobile vehicle is lower
(third invention).

According to the third invention, the width of the first
vehicle body roll angle area becomes narrower as the vehicle
speed of the mobile vehicle is lower. Accordingly, as the
vehicle speed of the mobile vehicle is lower, the roll driving
moment can be generated by the roll driving mechanism such
that the vehicle body roll angle is more reliably maintained
constant, or almost constant, without the need for the operator
to intentionally keep the balance of the posture in the roll
direction of the vehicle body.

The width of the first vehicle body roll angle area becomes
wider as the vehicle speed of the mobile vehicle is higher.
This facilitates the operator to change the vehicle body roll
angle by intentionally shifting his/her body weight. It is there-
fore possible to improve the maneuverability during running
of the mobile vehicle.

It should be noted that in the third invention, it is preferable
that the control device is configured to control the actuator of
the roll driving mechanism, in accordance with the observed
value of the vehicle body roll angle and the observed value of
the vehicle speed, such that the width of the first vehicle body
roll angle area changes continuously with respect to the
change of the vehicle speed of the mobile vehicle.
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In the third invention described above, the first vehicle
body roll angle area may have a width other than zero, not
only in the case where the vehicle speed of the mobile vehicle
is higher than the first prescribed vehicle speed, but also in the
situation where the vehicle speed of the mobile vehicle is not
higher than the first prescribed vehicle speed.

In the third invention, however, it is preferable that the
control device is configured to control the actuator of the roll
driving mechanism such that, in a state where the observed
value of the vehicle speed of the mobile vehicle is not higher
than the first prescribed vehicle speed, the upper limit and the
lower limit of the first vehicle body roll angle area take an
identical value, that the range of the vehicle body roll angle
larger than the identical value and the range of the vehicle
body roll angle smaller than the identical value become the
second and third vehicle body roll angle areas, respectively,
and that the function characteristics have the properties B and
C related to the second and third vehicle body roll angle areas
(fourth invention).

According to the fourth invention, in the state where the
observed value of the vehicle speed of the mobile vehicle is
not higher than the first prescribed vehicle speed, i.e. in the
state where the mobile vehicle is stopped or traveling at a very
low speed, the roll driving moment can be generated by the
roll driving mechanism so as to firmly maintain the vehicle
body roll angle constant.

Further, in the first through fourth inventions described
above, it is preferable that the control device is configured to
control the actuator of the roll driving mechanism in accor-
dance with an observed value of the vehicle body roll angle
and an observed value of a steering angle from a neutral state
of a steered wheel included in the mobile vehicle such that, at
least in the case where the actual vehicle speed of the mobile
vehicle is higher than the first prescribed vehicle speed, the
center value of the first vehicle body roll angle area becomes
zero when the mobile vehicle is traveling straight ahead and,
when the mobile vehicle is making a turn, a center value of the
first vehicle body roll angle area becomes a value of the
vehicle body roll angle in a state where the vehicle body is
inclined to the same side as a turning direction of the mobile
vehicle and the magnitude of the center value of the first
vehicle body roll angle area becomes larger as a magnitude of
the steering angle from the neutral state of the steered wheel
is larger (fifth invention).

Alternatively, it is preferable that the control device is
configured to control the actuator of the roll driving mecha-
nism in accordance with an observed value of the vehicle
body roll angle and an observed value of a yaw rate of the
mobile vehicle such that, at least in the case where the actual
vehicle speed of the mobile vehicle is higher than the first
prescribed vehicle speed, a center value of the first vehicle
body roll angle area becomes zero when the mobile vehicle is
traveling straight ahead and, when the mobile vehicle is mak-
ing a turn, the center value of the first vehicle body roll angle
area becomes a value of the vehicle body roll angle in a state
where the vehicle body is inclined to the same side as a
turning direction of the mobile vehicle and a magnitude of the
center value of the first vehicle body roll angle area becomes
larger as a magnitude of the yaw rate of the mobile vehicle is
larger (sixth invention).

Here, inthe state where the mobile vehicle is making a turn,
in order to resist the centrifugal force acting on the vehicle
body and the operator, it is necessary to incline the vehicle
body to the same side (right or left) as the turning direction.

It should be noted that in the fifth or sixth invention, the
same side as the turning direction of the mobile vehicle
means: the right side when the mobile vehicle is making a turn
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6

to the right (making a turn in the clockwise direction as seen
from above), and the left side when the mobile vehicle is
making a turn to the left (making a turn in the counterclock-
wise direction as seen from above).

According to the fifth or sixth invention, it becomes hard
for the vehicle body to incline to the side opposite to the
turning direction of the mobile vehicle and, at the same time,
it is possible to appropriately restrict the angle by which the
vehicle body inclines to the same side as the turning direction.
Further, in the state where the actual vehicle body roll angle is
within the first vehicle body roll angle area, the operator is
readily possible to control the vehicle body roll angle to a
desired angle by intentionally shifting the body weight. Con-
sequently, the operator can intentionally change the turning
behavior of the mobile vehicle.

In the fifth invention described above, it is preferable that
the control device is configured to control the actuator of the
roll driving mechanism such that, at least at the time when the
mobile vehicle is making a turn in the state where the actual
vehicle speed of the mobile vehicle is higher than the first
prescribed vehicle speed, one of a limit value of the upper
limit and the lower limit of the first vehicle body roll angle
area that is on the same side as the turning direction of the
mobile vehicle becomes a value closer to a reference vehicle
body roll angle as compared with a limit value on a side
opposite to the turning direction (seventh invention). The
same applies to the sixth invention described above (eighth
invention).

Here, the “reference vehicle body roll angle” means the
value of the vehicle body roll angle at which the centrifugal
force moment, which is the moment in the roll direction
acting on the vehicle body because of the centrifugal force at
the time when the mobile vehicle is making a turn, and the
aforesaid gravitational force moment are balanced.

According to the seventh or eighth invention, at the time
when the mobile vehicle is making a turn, if the inclination of
the vehicle body to the same side as the turning direction is apt
to increase further than the aforesaid reference vehicle body
roll angle, the roll driving moment serving to prevent further
inclination of the vehicle body can be generated quickly.

Accordingly, at the time when the mobile vehicle is making
a turn, it is possible to suitably restrict the inclination of the
vehicle body to the same side as the turning direction.

Further, in the first through eighth inventions described
above, the control device may be configured to control the
actuator of the roll driving mechanism such that the roll
driving moment becomes zero, for example, in the state
where the observed value of the vehicle body roll angle is
within the first vehicle body roll angle area.

It is however preferable that the control device is config-
ured to control the actuator of the roll driving mechanism in
accordance with a deviation of an observed value of the
vehicle body roll angle from reference vehicle body roll angle
such that, at least in a case where the actual vehicle speed of
the mobile vehicle is higher than a second prescribed vehicle
speed, in a situation where the observed value of the vehicle
body roll angle takes a value within the first vehicle body roll
angle area, the observed value of the vehicle body roll angle
approaches the reference vehicle body roll angle (ninth inven-
tion).

Here, the “reference vehicle body roll angle” in the ninth
invention has the same meaning as the “reference vehicle
body roll angle” in the seventh invention. Further, in the ninth
invention, the reference vehicle body roll angle while the
mobile vehicle is traveling straight ahead is defined to be zero.

According to the ninth invention, in the state where the
actual vehicle body roll angle falls within the first vehicle
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body roll angle area, if the actual vehicle body roll angle is
different from the reference vehicle body roll angle, the roll
driving moment serving to make the actual vehicle body roll
angle approach the reference vehicle body roll angle can be
generated in a relatively small amount, while allowing the
operator to incline the vehicle body by shifting his/her body
weight.

Therefore, in this case, in the state where the actual vehicle
body roll angle falls within the first vehicle body roll angle
area, the actual vehicle body roll angle can readily be main-
tained at an inclination angle near the reference vehicle body
roll angle.

In the ninth invention described above, the control device
may be configured to control the actuator of the roll driving
mechanism, in accordance with the deviation of the observed
value of the vehicle body roll angle from the reference vehicle
body roll angle, such that, in the situation where the observed
value of the vehicle body roll angle takes a value within the
first vehicle body roll angle area, the observed value of the
vehicle body roll angle approaches the reference vehicle body
roll angle, not only in the case where the actual vehicle speed
of the mobile vehicle is higher than the second prescribed
vehicle speed, but also in the case where the actual vehicle
speed is not higher than the second prescribed vehicle speed.

It is however preferable that the control device is config-
ured to set the reference vehicle body roll angle in accordance
with an observed value of a steering angle from a neutral state
of a steered wheel included in the mobile vehicle such that, in
the case where the actual vehicle speed of the mobile vehicle
is not higher than the second prescribed vehicle speed, the
reference vehicle body roll angle becomes a value of the
vehicle body roll angle to the same side as the steering angle
of the steered wheel from the neutral state, and control the
actuator of the roll driving mechanism in accordance with the
deviation of the observed value of the vehicle body roll angle
from the reference vehicle body roll angle in such a way as to
cause the observed value of the vehicle body roll angle to
approach the reference vehicle body roll angle (tenth inven-
tion).

It should be noted that in the tenth invention, the vehicle
body roll angle to the same side as the steering angle of the
steered wheel from the neutral state means the vehicle body
roll angle in the state where the vehicle body is inclined to the
same side as the turning direction of the mobile vehicle as the
steered wheel is steered to the right or left from the neutral
state.

According to the tenth invention, for example in the situa-
tion where the steered wheel has been steered from the neutral
state before starting of the mobile vehicle for the purposes of
making a turn immediately after the starting of the mobile
vehicle, when the mobile vehicle is started, the vehicle body
becomes likely to incline to the same side as the turning
direction. It is thus possible to prevent the vehicle body from
inclining to the side opposite to the turning direction imme-
diately after the mobile vehicle is started.

In the first through eighth inventions described above,
more specifically, the control device can adopt, for example,
the following configuration.

For example, the control device includes a vehicle body
roll angle area setting section which sets the first vehicle body
roll angle area, a vehicle body roll angle deviation state quan-
tity calculating section which calculates a deviation state
quantity indicating a deviation state of the observed value of
the vehicle body roll angle from the set first vehicle body roll
angle area, and a first manipulated variable determining sec-
tion which determines a first manipulated variable, which is a
manipulated variable for controlling the actuator of the roll
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driving mechanism to generate the roll driving moment for
reducing the deviation of the observed value of the vehicle
body roll angle, in accordance with the calculated deviation
state quantity, or in accordance with the calculated deviation
state quantity and an observed value of a vehicle body roll
angular velocity, which is a temporal change rate of the
vehicle body roll angle, and the control device is configured to
control the actuator of the roll driving mechanism at least in
accordance with the determined first manipulated variable
(eleventh invention).

It should be noted that the deviation state described above
includes: the presence/absence of the deviation of the
observed value of the vehicle body roll angle from the first
vehicle body roll angle area, the degree of the deviation, the
direction of the deviation, and other states.

According to the eleventh invention, the control device
determines the first manipulated variable in accordance with
the calculated deviation state quantity, or in accordance with
the calculated deviation state quantity and the observed value
of the vehicle body roll angular velocity, and controls the
actuator of the roll driving mechanism in accordance with the
first manipulated variable.

Accordingly, at least in the case where the observed value
of the vehicle body roll angle has deviated from the first
vehicle body roll angle area, the roll driving moment serving
to make the observed value of the vehicle body roll angle
return to within the first vehicle body roll angle area can be
generated appropriately by feedback control.

Further, in the case where the first manipulated variable is
determined in accordance with the calculated deviation state
quantity and the observed value of the vehicle body roll
angular velocity, it is possible to quickly brake or restrain the
change of the actual vehicle body roll angle when the
observed value of the vehicle body roll angle has deviated
from the first vehicle body roll angle area or the like.

Further, in the ninth or tenth invention, more specifically,
the control device can adopt, for example, the following con-
figuration.

For example, the control device includes a vehicle body
roll angle area setting section which sets the first vehicle body
roll angle area, a vehicle body roll angle deviation state quan-
tity calculating section which calculates a deviation state
quantity indicating a deviation state of the observed value of
the vehicle body roll angle from the set first vehicle body roll
angle area, a first manipulated variable determining section
which determines a first manipulated variable, which is a
manipulated variable for controlling the actuator of the roll
driving mechanism to generate the roll driving moment for
reducing the deviation of the observed value of the vehicle
body roll angle, in accordance with the calculated deviation
state quantity, or in accordance with the calculated deviation
state quantity and an observed value of a vehicle body roll
angular velocity, which is a temporal change rate of the
vehicle body roll angle, a reference vehicle body roll angle
setting section which sets the reference vehicle body roll
angle, and a second manipulated variable determining section
which determines a second manipulated variable, which is a
manipulated variable for controlling the actuator of the roll
driving mechanism to generate the roll driving moment for
causing the deviation of the observed value of the vehicle
body roll angle from the set reference vehicle body roll angle
to approach zero, at least in accordance with the deviation,
and the control device is configured to control the actuator of
the roll driving mechanism at least in accordance with a
combined value of the determined first and second manipu-
lated variables (twelfth invention).
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It should be noted that the deviation state described above
includes, as with the “deviation state” in the eleventh inven-
tion: the presence/absence of the deviation of the observed
value of the vehicle body roll angle from the first vehicle body
roll angle area, the degree of the deviation, the direction of the
deviation, and other states.

According to the twelfth invention, the control device
determines the first manipulated variable in accordance with
the calculated deviation state quantity, or in accordance with
the calculated deviation state quantity and the observed value
of'the vehicle body roll angular velocity, and also determines
the second manipulated variable in accordance with the
deviation of the observed value of the vehicle body roll angle
from the set reference vehicle body roll angle, and controls
the actuator of the roll driving mechanism in accordance with
the combined value of the first manipulated variable and the
second manipulated variable.

In this manner, at least in the case where the observed value
of the vehicle body roll angle has deviated from the first
vehicle body roll angle area, the roll driving moment serving
to make the observed value of the vehicle body roll angle
return to within the first vehicle body roll angle area can be
generated appropriately by feedback control.

Further, in the case where the observed value of the vehicle
body roll angle falls within the first vehicle body roll angle
area, the roll driving moment serving to make the observed
value of the vehicle body roll angle approach the reference
vehicle body roll angle (to make the aforesaid deviation
approach zero) can be generated appropriately by feedback
control.

Further, in the eleventh invention described above, it is
preferable that the first manipulated variable determining sec-
tion is configured to determine the first manipulated variable
in accordance with the calculated deviation state quantity and
an observed value of the vehicle body roll angular velocity,
and, in a case where the observed value of the vehicle body
roll angle falls within the set first vehicle body roll angle area
and takes a value close to an upper limit or a lower limit of the
first vehicle body roll angle area, determine the first manipu-
lated variable in accordance with the observed value of the
vehicle body roll angular velocity in such a way as to cause
the vehicle body roll angular velocity to approach zero (thir-
teenth invention). The same applies to the twelfth invention
described above (fourteenth invention).

According to the thirteenth or fourteenth invention, in the
situation where the observed value of the vehicle body roll
angle is apt to deviate on the upper limit side or the lower limit
side from within the first vehicle body roll angle area, the roll
driving moment for braking the change in the vehicle body
roll angle can be generated.

Therefore, in the case where the actual vehicle body roll
angle is apt to deviate from the first vehicle body roll angle
area, the deviation can be prevented in advance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the structure of a mobile vehicle according to
an embodiment of the present invention;

FIG. 2 is a perspective view showing the configuration of'a
roll driving mechanism included in the mobile vehicle shown
in FIG. 1;

FIG. 3 is a block diagram showing the configuration related
to the control of the mobile vehicle shown in FIG. 1;

FIG. 4 is a block diagram illustrating the processing per-
formed by the desired roll driving moment determining sec-
tion shown in FIG. 3;
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FIGS.5A, 5B, and 5C are graphs illustrating the processing
performed by the acceptable vehicle body roll angle area
determining section and the reference vehicle body roll angle
determining section shown in FIG. 4 in a first embodiment;

FIGS. 6A and 6B are graphs illustrating exemplary func-
tion characteristics of the roll driving moment with respect to
the vehicle body roll angle;

FIG. 7 is a block diagram illustrating the processing per-
formed by the motor command determining section shown in
FIG. 3;

FIGS. 8A, 8B, and 8C are graphs illustrating the processing
performed by the acceptable vehicle body roll angle area
determining section and the reference vehicle body roll angle
determining section shown in FIG. 4 in a second embodi-
ment;

FIGS. 9A and 9B are graphs illustrating a third embodi-
ment; and

FIGS. 10A, 10B, and 10C are graphs illustrating modifi-
cations.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

A first embodiment of the present invention will be
described below with reference to FIGS. 1to 7.

First, the structure of the mobile vehicle of the present
embodiment will be described with reference to FIGS. 1 and
2.

As shown in FIG. 1, the mobile vehicle 1 of the present
embodiment is a three-wheeled vehicle which includes: a
vehicle body 3 of a frame structure having a boarding section
2 for an operator; one wheel 4 (hereinafter, referred to as
“front wheel 4”) arranged as a front wheel on the front side of
the vehicle body 3; and two wheels 5, 5 (hereinafter, referred
to as “rear wheels 5, 57) arranged as rear wheels on the rear
side of the vehicle body 3.

The two rear wheels 5, 5 are arranged spaced apart from
each other in the lateral direction of the vehicle body 3 (per-
pendicular to the paper plane of FIG. 1).

In the mobile vehicle 1 of the present embodiment, the
front wheel 4 is a steered wheel, and the rear wheels 5, 5 are
driving wheels.

It should be noted that FIG. 1 is a side view of the mobile
vehicle 1 in the state where the axle centerline (center of
rotational axis) of the front wheel 4 and the axle centerline
(center of rotational axis) of the rear wheels 5, 5 are parallel to
each other and the front wheel 4 and the rear wheels 5, 5 are
standing in an upright posture on the road surface (in other
words, the mobile vehicle 1 in the posture state when travel-
ing straight ahead; hereinafter, this will be referred to as
“basic posture state”). Therefore, in FIG. 1, of the two rear
wheels 5, 5, the left wheel 5 is hidden behind the right wheel
5.

The boarding section 2, which is configured as a seat for an
operator to sit on, is assembled to an intermediate portion of
the vehicle body 3 between its front end and rear end. The
operator seated on the boarding section 2 can place the right
and left feet on the vehicle body 3 (or a step assembled to the
vehicle body 3) at a portion between the boarding section 2
and the front end of the vehicle body 3.

On therear end of the vehicle body 3, a box-shaped luggage
loading section 6 for loading a variety of luggage is provided.
The luggage loading section 6 may be an exposed luggage
rack. The luggage loading section 6 may not be provided.
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On the front end of the vehicle body 3, a head pipe 11 is
formed which has an oblique shaft center as a steering axis of
the front wheel 4. The head pipe 11 is arranged above the rear
side of the front wheel 4. A front-wheel support mechanism
12 for supporting the front wheel 4 rotatably about its axle
centerline is assembled to the head pipe 11.

The front-wheel support mechanism 12, which is config-
ured, for example, as a front fork mechanism including a
suspension mechanism such as a damper, is assembled to the
head pipe 11 in such a way as to be rotatable about the shaft
center of the head pipe 11 (about the steering axis) together
with the front wheel 4. As the front-wheel support mechanism
12 rotates together with the front wheel 4 about the shaft
center of the head pipe 11 (about the steering axis), the steer-
ing of the front wheel 4 is carried out. Accordingly, the front
wheel 4 is attached to the vehicle body 3 so as to be steerable
via the front-wheel support mechanism 12.

It should be noted that, for the specific structure of the
front-wheel support mechanism 12, the same structure as that
of a typical front-wheel support mechanism of a normal
motorcycle, for example, may be adopted.

On the upper side of the head pipe 11, a handlebar 13 for an
operator to grip is disposed. The handlebar 13 is assembled to
the head pipe 11 in such a way as to be rotatable about the
steering axis unitarily with the front-wheel support mecha-
nism 12.

Although not shown in detail in the figure, the handlebar 13
is equipped with an accelerator grip, a brake lever, a turn
signal lamp, and so on.

A rotation transmission mechanism such as a speed
reducer may be interposed between the front-wheel support
mechanism 12 and the handlebar 13 such that the ratio of the
rotational angle of the front-wheel support mechanism 12 to
the rotational angle of the handlebar 13 takes a value other
than 1.

The right and left rear wheels 5, 5 are disposed beneath the
rear-end portion of the vehicle body 3. At the position
between the rear wheels 5, 5, a power engine unit 21 serving
as a power source of the mobile vehicle 1 is disposed. The
power engine unit 21 is provided with a cover member 22
which covers the upper side of the power engine unit 21.

Although not shown in detail in the figure, the power
engine unit 21 is connected to the rear wheels 5, 5 such that a
rotative driving force about the axle centerline of the rear
wheels 5, 5 is transmitted from a power engine, which is
configured with an engine, an electric motor or the like, to the
rear wheels 5, 5 serving as the driving wheels.

For the specific connection structure between the power
engine unit 21 and the rear wheels 5, 5, for example, the
structure described in the aforesaid Patent Literature 2, or
other known structure may be adopted.

The power engine unit 21 is coupled to the vehicle body 3
via aroll driving mechanism 23. Therefore, the rear wheels 5,
5 are attached to the vehicle body 3 via the power engine unit
21, serving as a rear-wheel support mechanism which rotat-
ably supports the rear wheels 5, 5, and the roll driving mecha-
nism 23.

The roll driving mechanism 23 is a mechanism which
couples the power engine unit 21 to the vehicle body 3 in such
away as to allow the vehicle body 3 to freely incline in the roll
direction (the direction about the roll axis which is an axis in
the longitudinal direction of the vehicle body 3) with respect
to the road surface, and which also causes a road surface
reaction force moment in the roll direction to act on the
vehicle body 3 by the driving force of an actuator.

In the present embodiment, this roll driving mechanism 23
is configured as follows. Referring to FIG. 2, the roll driving
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mechanism 23 includes, as its major components: a rear-
wheel-side fixing unit 31 which is secured to the power
engine unit 21, a rotary unit 32 which is assembled in such a
way as to be rotatable in the roll direction with respect to the
rear-wheel-side fixing unit 31, an electric motor 33 serving as
the actuator, and a power transmission mechanism 34 which
transmits the driving force (rotative driving force) output
from the electric motor 33 to the rotary unit 32.

The rear-wheel-side fixing unit 31 includes a pair of plate
members 35, 35 which are spaced apart from each other in the
lateral direction and secured to the power engine unit 21 via
screws and the like, and a shaft member 36 which is disposed
between the plate members 35, 35 in the state where its shaft
center C1 extends in the longitudinal direction. The shaft
member 36 has its outer periphery secured to the plate mem-
bers 35, 35.

The rotary unit 32 disposed on the front-end side of the
shaft member 36 is coupled to the shaft member 36 via a
bearing or the like in such a way as to be rotatable about the
shaft center C1 of the shaft member 36.

The rotary unit 32 extends frontward from the shaft mem-
ber 36 side, and the tip-end portion of the rotary unit 32 is
bifurcated to have a spacing in the lateral direction. Further, at
the respective ends of the bifurcated portions, mounting holes
37, 37 for coupling the rotary unit 32 to the vehicle body 3 are
formed so as to have a lateral shaft center. The rotary unit 32
is attached via the mounting holes 37, 37 to the vehicle body
3 (more specifically, to the intermediate portion in the longi-
tudinal direction of the vehicle body 3) in such a way as to be
swingable in the pitch direction about the shaft center of the
mounting holes 37, 37 with respect to the vehicle body 3 (see
FIG. 1).

Therefore, the vehicle body 3 is able to incline in the roll
direction about the shaft center C1 of the shaft member 36
with respect to the rear wheels 5, 5 (and hence, with respect to
the road surface with which the rear wheels 5, 5 are in con-
tact), and also is able to swing in the pitch direction about the
shaft center of the mounting holes 37, 37.

Further, on the upper surface portion of the rotary unit 32,
a mounting hole 39 for coupling a damper 38 shown in FIG.
1 is formed so as to have a lateral shaft center. As shown in
FIG. 1, the damper 38 has its lower end portion pivotally
supported by the rotary unit 32 via the mounting hole 39 and
its upper end portion pivotally supported by the vehicle body
3. With this configuration, the damper 38 serves to damp or
brake the swing in the pitch direction of the vehicle body 3
with respect to the rear wheels 5, 5.

The electric motor 33 is disposed on a side of one of the
plate members 35, 35, for example on the side of the right
plate member 35, with its shaft center (center of rotational
axis of the rotor) in the same direction as the shaft center C1
of'the shaft member 36. The housing of the electric motor 33
is secured to the right plate member 35 via the housing of a
speed reducer 41 mounted to the output-side end of the elec-
tric motor 33.

The power transmission mechanism 34 has the speed
reducer 41, and also has a coupling 44, a driving-side crank
arm 45, a connection rod 46, and a driven-side crank arm 47.
The power transmission mechanism 34 is configured to trans-
mit the rotative driving force input from the electric motor 33
to the speed reducer 41, to the rotary unit 32, via the coupling
44, the driving-side crank arm 45, the connection rod 46, and
the driven-side crank arm 47.

More specifically, a ring-shaped plate 43 serving as an
input section of the coupling 44 is secured to a tip end portion
of an output shaft 42 protruding frontward from the speed
reducer 41. Further, the plate-shaped driving-side crank arm
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45 serving as an output section of the coupling 44 is disposed
behind the ring-shaped plate 43, spaced apart from the ring-
shaped plate 43 in the shaft center direction of the output shaft
42. The driving-side crank arm 45 is supported on the outer
periphery of the output shaft 42 via a bearing or the like in
such a way as to be rotatable relative to the output shaft 42.

The coupling 44 is interposed between the ring-shaped
plate 43 and the driving-side crank arm 45. The coupling 44
has a structure in which projections and depressions formed
on the respective surfaces of the driving-side crank arm 45
and the ring-shaped plate 43 facing each other are engaged via
a plurality of elastic members 44a of rubber or the like.
Therefore, the coupling 44 is configured to transmit the rota-
tive driving force between the ring-shaped plate 43 and the
driving-side crank arm 45 via the elastic force of the elastic
members 44a.

The driven-side crank arm 47 is protrusively provided on
the upper surface portion of the rotary unit 32 such that it is
aligned with the driving-side crank arm 45, with a spacing
therebetween in the lateral direction. The driven-side crank
arm 47 is coupled to the driving-side crank arm 45 via the
connection rod 46.

In this case, the end of the connection rod 46 on the driving-
side crank arm 45 side is pivotally supported by the driving-
side crank arm 45 so as to be rotatable about the shaft center
which is eccentric to the shaft center of the output shaft 42.
Further, the end of the connection rod 46 on the driven-side
crank arm 47 side is pivotally supported by the driven-side
crank arm 47 so as to be rotatable about the shaft center which
is eccentric to the shaft center C1 of the shaft member 36.

With the power transmission mechanism 34 configured as
described above, the rotative driving force output from the
electric motor 33 via the speed reducer 41 to the output shaft
42 is transmitted via the ring-shaped plate 43, the coupling 44,
the driving-side crank arm 45, the connection rod 46, and the
driven-side crank arm 47, to the rotary unit 32. The power
transmission mechanism 34 then transmits the rotative driv-
ing force that has been transmitted to the rotary unit 32, via the
rotary unit 32 to the vehicle body 3.

In this case, the housing of the electric motor 33 (a stator of
the electric motor 33 is secured to this housing) is secured via
the rear-wheel-side fixing unit 31 to the power engine unit 21
to which the rear wheels 5, 5 are connected. Therefore, trans-
mitting the rotative driving force from the electric motor 33 to
the vehicle body 3 causes a road surface reaction force
moment in the roll direction to act on the vehicle body 3.

Supplementally, as the actuator of the roll driving mecha-
nism 23, instead of the electric motor 33 which outputs the
rotative driving force, a hydraulic rotary actuator may be
used. Alternatively, an electric or hydraulic linear actuator
may be used instead of the electric motor 33.

Further, the roll driving mechanism 23 may be configured
to be able to apply the rotative driving force in the roll direc-
tion to the vehicle body 3 by a configuration other than that
described above. For example, as the power transmission
mechanism 34, a mechanism which includes a plurality of
gears or a mechanism which transmits rotation via a belt or
chain may be adopted.

In addition to the mechanical configuration described
above, the mobile vehicle 1 includes the following configu-
ration as the configuration for controlling the posture (incli-
nation) in the roll direction of the vehicle body 3 and for
controlling the operation of the electric motor 33.

The mobile vehicle 1 includes, as sensors for observing
(detecting or estimating) the motional states of the mobile
vehicle 1, as shown in FIG. 3: a steering angle sensor 61 for
observing the steering angle of the front wheel 4; a vehicle
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speed sensor 62 for observing the vehicle speed of the mobile
vehicle 1; a vehicle body roll angle sensor 63 for observing
the vehicle body roll angle which is the inclination angle in
the roll direction (inclination angle with respect to the gravi-
tational force direction) of the vehicle body 3; and a yaw rate
sensor 64 for observing the yaw rate of the vehicle body 3.

The mobile vehicle 1 further includes a coupling twist
angle sensor 65 for observing the relative rotational angle
(hereinafter, referred to as “coupling twist angle”) between
the ring-shaped plate 43 on the input side and the driving-side
crank arm 45 on the output side of the coupling 44; and a
motor-side rotational speed sensor 66 for observing the rota-
tional speed of the rotor of the electric motor 33 (or the
rotational speed of the aforesaid output shaft 42).

Furthermore, the mobile vehicle 1 includes a control
device 70 which performs posture control in the roll direction
of'the vehicle body 3 by controlling the electric motor 33. The
output signals from the above-described sensors 61 to 66 are
input to this control device 70. The control device 70 is made
up of an electronic circuit unit including a CPU, a RAM, a
ROM, and so on. The control device 70 has the function of
recognizing and acquiring, from the output signals of the
sensors 61 to 66, observed values of the corresponding state
quantities (steering angle, vehicle speed, etc.). The function is
implemented, for example, by an A/D converter, processor,
and the like.

The steering angle sensor 61 is made up, for example, of a
rotary encoder, a potentiometer, or the like. The steering angle
sensor 61 is assembled to the head pipe 11 on the front end of
the vehicle body 3, as shown in FIG. 1, such that it outputs a
signal corresponding to the steering angle of the front wheel
4 (rotational angle of the front-wheel support mechanism 12
or the handlebar 13).

It should be noted that in the following description, the
value and polarity of the steering angle recognized from the
output signal of the steering angle sensor 61 are defined as
follows: the steering angle (neutral steering angle) of the front
wheel 4 in the aforesaid basic posture state of the mobile
vehicle 1 (posture state when it is traveling straight ahead) is
zero; the steering angle when the front wheel 4 is steered from
the neutral steering angle to the right (clockwise direction as
seen from above) is a positive steering angle; and the steering
angle when the front wheel 4 is steered from the neutral
steering angle to the left (counterclockwise direction as seen
from above) is a negative steering angle.

The vehicle speed sensor 62 is made up, for example, of a
rotary encoder. The vehicle speed sensor 62 is mounted to the
mobile vehicle 1, as shown in FIG. 1, such that it outputs a
signal corresponding to the rotational speed of the front wheel
4. In the example of the present embodiment, a roller 51
which is in contact with the upper surface of the front wheel
4 50 as to rotate in conjunction with the rotation of the front
wheel 4 is attached to the front-wheel support mechanism 12.
The vehicle speed sensor 62 is attached to a rotary shaft
portion of the roller 51 such that it outputs a signal corre-
sponding to the rotational speed of the roller 51 (which is
proportional to the rotational speed of the front wheel 4).

In this case, the control device 70 acquires an observed
value of the vehicle speed by converting the rotational speed
of'the roller 51, indicated by the signal from the vehicle speed
sensor 62, to the vehicle speed, by a predetermined arithmetic
expression or map.

It should be noted that the rotary encoder constituting the
vehicle speed sensor 62 may be attached to the axle of the
front wheel 4, for example. Alternatively, the rotary encoder
may be mounted to the mobile vehicle 1 such that it outputs a
detection signal corresponding to the rotational speed of the
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rear wheel 5, for example. Still alternatively, the vehicle
speed sensor 62 may be configured with a sensor other than
the rotary encoder.

The vehicle body roll angle sensor 63 is made up, for
example, of an acceleration sensor and a gyro sensor (angular
velocity sensor). The vehicle body roll angle sensor 63 is
assembled to the underside of the vehicle body 3 between the
front wheel 4 and the rear wheels 5, 5, as shown in FIG. 1. In
this case, the control device 70 carries out prescribed arith-
metic processing on the basis of the outputs of the accelera-
tion sensor and the gyro sensor to obtain an observed value of
the vehicle body roll angle. For the specific arithmetic pro-
cessing in this case, the technique proposed by the present
applicant in Japanese Patent No. 4181113, or the known strap
down technique, for example, may be adopted.

It should be noted that in the following description, the
value and polarity of the vehicle body roll angle recognized
from the output signal of the vehicle body roll angle sensor 63
are defined as follows: the vehicle body roll angle in the
aforesaid basic posture state of the mobile vehicle 1 (posture
state when it is traveling straight ahead) is zero; the vehicle
body roll angle when the vehicle body 3 is inclined to the right
from the basic posture state (as the mobile vehicle 1 is seen
from the back) is a positive vehicle body roll angle; and the
vehicle body roll angle when the vehicle body 3 is inclined to
the left from the basic posture state (as the mobile vehicle 1 is
seen from the back) is a negative vehicle body roll angle.

Supplementally, in the present embodiment, the vehicle
body roll angle sensor 63 is also utilized as a sensor for
detecting a vehicle body roll angular velocity, which is a
temporal change rate of the vehicle body roll angle. An
observed value of the vehicle body roll angular velocity can
be obtained through arithmetic processing of calculating the
observed value of the vehicle body roll angular velocity from
the output of the vehicle body roll angle sensor 63, or through
processing (differential operation processing) of calculating
the temporal change rate of the observed value of the vehicle
body roll angle.

The yaw rate sensor 64 is made up of a gyro sensor or the
like. The yaw rate sensor 64 is assembled to the underside of
the vehicle body 3 between the front wheel 4 and the rear
wheels 5, 5, as shown in FIG. 1. In the case where the vehicle
body roll angle sensor 63 includes, as its constituent element,
a gyro sensor which generates and outputs a signal corre-
sponding to the angular velocity in the yaw direction, the yaw
rate sensor 64 may be omitted. The control device 70 may
obtain an observed value of the yaw rate from the output
signal of the vehicle body roll angle sensor 63.

It should be noted that in the following description, the
polarity of the yaw rate recognized from the output signal of
the yaw rate sensor 64 is defined as follows: the yaw rate
generated when the mobile vehicle 1 is making a turn to the
right (making a turn in the clockwise direction as seen from
above) is a positive yaw rate; and the yaw rate generated when
the mobile vehicle 1 is making a turn to the left (making a turn
in the counterclockwise direction as seen from above) is a
negative yaw rate.

The coupling twist angle sensor 65 is made up, for
example, of a rotary encoder, a potentiometer or the like. The
coupling twist angle sensor 65 is attached to the ring-shaped
plate 43, on its side opposite to the coupling 44 side, of the
power transmission mechanism 34 in the roll driving mecha-
nism 23, as shown in FIG. 2, such that it outputs a signal
corresponding to the coupling twist angle.

It should be noted that the coupling twist angle sensor 65
may be configured, for example, with: a sensor which outputs
a signal corresponding to the angle of rotation of the output
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shaft 42 or the ring-shaped plate 43, and a sensor which
outputs a signal corresponding to the angle of rotation of the
driving-side crank arm 45.

The motor-side rotational speed sensor 66 is made up, for
example, of a rotary encoder or the like. The motor-side
rotational speed sensor 66 is attached to the electric motor 33,
as shown in FIG. 2, such that it outputs a signal corresponding
to the rotational speed of the rotor of the electric motor 33
(which is proportional to the rotational speed of the output
shaft 42).

The control device 70 is mounted on the mobile vehicle 1
in an appropriate position. For example, as shown in FIG. 1,
the control device 70 is mounted on the aforesaid luggage
loading section 6. This control device 70 includes, as func-
tions implemented by installed programs, or as functions
implemented by hardware configurations, in addition to the
function of acquiring the observed values of the state quanti-
ties such as the steering angle and the like: a desired roll
driving moment determining section 71 which successively
determines a desired roll driving moment, which is a desired
value of a road surface reaction force moment in the roll
direction to be acted on the vehicle body 3, and a motor
command determining section 72 which successively deter-
mines a motor command, which is a control command for the
electric motor 33, in accordance with the desired roll driving
moment. The motor command is, for example, a torque com-
mand value (a desired value of the output torque) of the
electric motor 33.

Although not shown in the figure, a battery as a power
source for the control device 70, the electric motor 33 and the
like is also mounted on the mobile vehicle 1.

Operations of the mobile vehicle 1 of the present embodi-
ment will now be described, focusing on the control process-
ing performed by the control device 70.

In the following description, of the reference characters
indicating various state quantities such as a vehicle body roll
angle and the like, the reference characters having a suffix
“_act” added thereto represent an actual value or its observed
value (detected value or estimate) of the corresponding state
quantity. The reference characters having a suffix “_cmd”
added thereto represent a desired value of the corresponding
state quantity.

When a starter switch (not shown) of the mobile vehicle 1
is turned on, the power engine unit 21 and the control device
70 are started.

Inthis starting state, when the operator seated on the board-
ing section 2 operates the accelerator grip of the handlebar 13,
the rear wheels 5, 5 are rotatively driven by the power engine
unit 21. This causes the mobile vehicle 1 to run.

Further, the control device 70 thus started carries out the
processing in the desired roll driving moment determining
section 71, while acquiring the outputs from the aforesaid
sensors 61 to 66, to successively determine a desired roll
driving moment at prescribed control processing cycles. The
control device 70 further carries out the processing in the
motor command determining section 72, in accordance with
the desired roll driving moment, to successively determine a
motor command at the prescribed control processing cycles.

The control device 70 then performs feedback control of
the electric current flowing through the electric motor 33, via
a motor driving circuit (not shown), in accordance with the
motor command, so as to make the output torque of the
electric motor 33 track a torque command value indicated by
the motor command. In this manner, the road surface reaction
force moment in the roll direction that actually acts on the
vehicle body 3 is controlled to track the desired roll driving
moment.
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The processing in the desired roll driving moment deter-
mining section 71 and that in the motor command determin-
ing section 72 in the control device 70 are carried out in the
following manner.

First, the processing in the desired roll driving moment
determining section 71 will be described. The processing in
the desired roll driving moment determining section 71 can be
summarized as follows. In the situation where the actual
vehicle body roll angle has deviated from an appropriate
range, or in the situation where such a deviation is liable to
occur, the desired roll driving moment determining section 71
determines a desired roll driving moment Md_cmd so as to
prevent the deviation (more specifically, such that the actual
vehicle body roll angle returns to within the appropriate
range, or such that the vehicle body roll angle remains within
the appropriate range).

The appropriate range described above is an angle range in
the vicinity of (or, not too far from) a vehicle body roll angle
(hereinafter, referred to as “reference vehicle body roll
angle”) at which it is possible to implement the behavioral
characteristics considered to be ideal (optimal) for the mobile
vehicle 1 or the behavioral characteristics as a design goal. In
the present embodiment, for example, the reference vehicle
body roll angle corresponds to, or is close to, a vehicle body
roll angle at which the gravitational force moment and the
centrifugal force moment are balanced with each other and
their resultant moment becomes zero.

Here, the gravitational force moment is, more specifically,
the moment in the roll direction that acts on the vehicle body
3 because of the gravitational force acting on the overall
center of gravity of the mobile vehicle 1 and the operator
riding thereon. The centrifugal force moment is, more spe-
cifically, the moment in the roll direction that acts on the
vehicle body 3, while the mobile vehicle 1 is making a turn,
because of the centrifugal force acting on the overall center of
gravity of the mobile vehicle 1 and the operator riding
thereon.

Supplementally, when the mobile vehicle 1 is traveling
straight ahead, the centrifugal force moment is zero, and thus,
the resultant moment described above coincides with the
gravitational force moment.

Further, in the situation where the actual vehicle body roll
angle falls within the above-described appropriate range, the
desired roll driving moment determining section 71 deter-
mines the desired roll driving moment so as not to restrain the
inclination in the roll direction of the vehicle body 3 by the
shift of the body weight of the operator (shift to the right or
left of the overall center of gravity of the mobile vehicle 1 and
the operator), or such that the restraint will be sufficiently
small.

The desired roll driving moment determining section 71
determines the desired roll driving moment Md_cmd succes-
sively, by the processing shown by the block diagram in FIG.
4.

In this case, as shown in FIG. 4, the desired roll driving
moment determining section 71 successively receives: a
value Bb_act (observed value) of a vehicle body roll angle 6b
and a value 6b_dot_act (observed value) of a vehicle body roll
angular velocity 8b_dot, which are recognized by the control
device 70 from the output of the vehicle body roll angle sensor
63; a value V_act (observed value) of a vehicle speed V of the
mobile vehicle 1, which is recognized by the control device
70 from the output of the vehicle speed sensor 62; and a value
d_act (observed value) of a steering angle d of the front wheel
4, which is recognized by the control device 70 from the
output of the steering angle sensor 61.
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It should be noted that a value wz_act (observed value) of
ayaw rate mz, which is shown in FIG. 4 in the parentheses as
a value input to the desired roll driving moment determining
section 71, relates to another embodiment which will be
described later. In the present embodiment, the yaw rate
wZ_act is not used in the processing in the desired roll driving
moment determining section 71, so the aforesaid yaw rate
sensor 64 may be omitted.

The desired roll driving moment determining section 71
then successively determines the desired roll driving moment
Md_cmd by successively performing the following process-
ing at prescribed control processing cycles: processing in an
acceptable vehicle body roll angle area determining section
81 which determines an acceptable vehicle body roll angle
area as an appropriate range of the vehicle body roll angle;
processing in a reference vehicle body roll angle determining
section 82 which determines the aforesaid reference vehicle
body roll angle; processing in a first roll driving moment
calculating section 83 which determines, as a major compo-
nent Md1 of the desired roll driving moment Md_cmd, a roll
driving moment Md1 (hereinafter, referred to as “roll driving
major-component moment Md1”) that functions to prevent a
deviation of the vehicle body roll angle 6b_act from the
acceptable vehicle body roll angle area; processing in a sec-
ond roll driving moment calculating section 84 which deter-
mines, as an additive sub-component of the desired roll driv-
ing moment Md_cmd, a roll driving moment Md2
(hereinafter, referred to as “roll driving sub-component
moment Md2”) that functions to make the vehicle body roll
angle 6b_act approach the reference vehicle body roll angle;
and processing in a moment combining section 85 which
combines (sums up) the roll driving major-component
moment Md1 and the roll driving sub-component moment
Madz.

More specifically, at each control processing cycle, the
desired roll driving moment determining section 71 first car-
ries out the processing in the acceptable vehicle body roll
angle area determining section 81 and the reference vehicle
body roll angle determining section 82.

The reference vehicle body roll angle determining section
82 determines a reference vehicle body roll angle 6b_base in
accordance with the received, current values (latest values) of
the vehicle speed V_act and the steering angle 8_act, by amap
(or arithmetic expression) generated in advance.

The map (or arithmetic expression) for use in determina-
tion of the reference vehicle body roll angle 6b_base defines
the relationship between the arbitrary values of the vehicle
speed V and the steering angle d and the value of the reference
vehicle body roll angle 6b_base.

Examples of the above-described relationship defined by
the map (or arithmetic expression) are shown in FIGS. 5A,
5B, and 5C. Broken line graphs in FIGS. 5A, 5B, and 5C each
show, by way of example, the relationship between the
vehicle speed V and the reference vehicle body roll angle
6b_base when the steering angle 8 takes a certain value dif-
ferent from each other. FIG. 5A shows an example where 9 is
zero, FIG. 5B shows an example where 8 takes a positive
value dx (0x is a representative value), and FIG. 5C shows an
example where J takes a negative value —0x.

It should be noted that the solid line graphs in FIGS. 5A,
5B, and 5C each show an acceptable vehicle body roll angle
area which is determined by the acceptable vehicle body roll
angle area determining section 81 in a manner as will be
described later.

The map (or arithmetic expression) for use in determina-
tion of the reference vehicle body roll angle 6b_base is gen-
erated such that the reference vehicle body roll angle 6b_base
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determined thereby approximately coincides with a value of
the vehicle body roll angle 6b at which the centrifugal force
moment defined in accordance with a set of the values of the
vehicle speed V and the steering angle § and the gravitational
force moment are balanced (i.e. the resultant moment of the
centrifugal force moment and the gravitational force moment
becomes zero).

Here, the centrifugal force moment defined in accordance
with a set of the values of the vehicle speed V and the steering
angle 6 means a moment in the roll direction which acts on the
vehicle body 3 because of the centrifugal force acting on the
overall center of gravity of the mobile vehicle 1 and the
operator assuming that the mobile vehicle 1 is traveling with
the vehicle speed V and the steering angle d both maintained
at arbitrary values.

The map (or arithmetic expression) for determining the
reference vehicle body roll angle 6b_base is generated in
advance on the basis of a model (dynamic model or kinematic
model) of the mobile vehicle 1 or through experiments or the
like.

Supplementally, the map (or arithmetic expression) for use
in determination of the reference vehicle body roll angle
0b_base may be generated, by way of example, so as to make
the reference vehicle body roll angle 8b_base coincide, with
high precision, with the value of the vehicle body roll angle 6b
at which the centrifugal force moment and the gravitational
force moment are balanced. Alternatively, the above-de-
scribed map (or arithmetic expression) may be generated, in
accordance with a design guideline of the behavioral charac-
teristics of the mobile vehicle 1 or the like, such that the
reference vehicle body roll angle 6b_base is intentionally
shifted slightly from the value at which the moments are
balanced, within a range not too far from that value.

The reference vehicle body roll angle 6b_base determined
by the reference vehicle body roll angle determining section
82 in accordance with the vehicle speed V_act and the steer-
ing angle §_act by using the above map (or arithmetic expres-
sion) becomes zero when the mobile vehicle 1 is stopped
(V_act=0) or traveling straight ahead (8_act=0), as shown in
FIG. 5A.

In the state where the mobile vehicle 1 is making a turn,
with d_act=0, the reference vehicle body roll angle 6b_base is
determined, as shown in FI1G. 5B or 5C, such that the magni-
tude (absolute value) of the reference vehicle body roll angle
0b_base becomes larger as V_act s larger or as the magnitude
(absolute value) of 8_act is larger.

In this case, in the case where §_act>0 (where the front
wheel 4 is steered to the right), the reference vehicle body roll
angle 6b_base becomes a positive inclination angle (inclina-
tion angle in the state where the vehicle body 3 is inclined to
the right), as shown in FIG. 5B. In the case where §_act<0
(where the front wheel 4 is steered to the left), the reference
vehicle body roll angle 6b_base becomes a negative inclina-
tion angle (inclination angle in the state where the vehicle
body 3 is inclined to the left), as shown in FIG. 5C.

Supplementally, the reference vehicle body roll angle
determining section 82 has the function as the reference
vehicle body roll angle setting section in the present inven-
tion.

The aforesaid acceptable vehicle body roll angle area
determining section 81 determines an acceptable vehicle
body roll angle area in accordance with the current values
(latest values) of the vehicle speed V_act and the steering
angle 8_act, by a map (or arithmetic expression) generated in
advance. It should be noted that the acceptable vehicle body
roll angle area may be determined by directly determining an
upper limit lim_R and a lower limit lim_I of the acceptable
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vehicle body roll angle area, or by determining parameters
defining the upper limit lim_R and the lower limit lim_L (for
example, a set of the center value and width of the acceptable
vehicle body roll angle area).

The above-described map (or arithmetic expression) for
use in determination of the acceptable vehicle body roll angle
area defines the relationship between the arbitrary values of
the vehicle speed V and the steering angle & and the upper
limit lim_R and the lower limit lim_I. of the acceptable
vehicle body roll angle area.

Examples of the above-described relationship defined by
the map (or arithmetic expression) are shown by the solid line
graphs in FIGS. 5A, 5B, and 5C. The solid line graphs in
FIGS. 5A, 5B, and 5C each show, by way of example, the
relationship between the vehicle speed V and the upper limit
lim_R and the lower limit lim_L of the acceptable vehicle
body roll angle area when the steering angle d takes a certain
value different from each other. As explained above, FIGS.
5A, 5B, and 5C show the cases where J is zero, 0 is a positive
value dx, and 9 is a negative value -0x, respectively.

The map (or arithmetic expression) for determining the
acceptable vehicle body roll angle area is generated such that
the acceptable vehicle body roll angle area is determined by
the acceptable vehicle body roll angle area determining sec-
tion 81 with respect to the values of the vehicle speed V and
the steering angle 8 with the following trend.

The acceptable vehicle body roll angle area is determined,
as shown in FIGS. 5A, 5B, and 5C by way of example, such
that the width of the acceptable vehicle body roll angle area,
which is the difference (=lim_R-lim_L) between the upper
limit lim_R and the lower limit lim_I. of the acceptable
vehicle body roll angle area, becomes smaller as the value
V_act of the vehicle speed V is smaller (closer to zero).

More specifically, in the present embodiment, in the state
where the vehicle speed V_act is lower than a first prescribed
vehicle speed V1 determined in advance (i.e. in the state
where the mobile vehicle 1 is stopped or traveling at a very
low speed), the acceptable vehicle body roll angle area is
determined as an area the width of which is zero. In other
words, the acceptable vehicle body roll angle area is deter-
mined as an area in which the upper limit lim_R and the lower
limit lim_L take the same value.

In the present embodiment, the upper limit lim_R and the
lower limit lim_I of the acceptable vehicle body roll angle
area in this case are determined to be a value which coincides
with the reference vehicle body roll angle 6b_base.

The acceptable vehicle body roll angle area is determined
such that, in the case where the value V_act of the vehicle
speed V is not smaller than the above-described first pre-
scribed vehicle speed V1, the width of the acceptable vehicle
body roll angle area increases from zero with increasing
vehicle speed V_act (in other words, such that the width of the
acceptable vehicle body roll angle area approaches zero from
avalue other than zero with decreasing vehicle speed V_act).

Furthermore, in the case where the vehicle speed V_act is
higher than the first prescribed vehicle speed V1, when the
mobile vehicle 1 is traveling straight ahead (where 8_act=0),
the acceptable vehicle body roll angle area is determined to
satisfy the following: lim_R>0 and lim_[<O, and
llim_RI=Ilim_LI, as shown in FIG. 5A. In other words, the
acceptable vehicle body roll angle area is determined such
that the center value (=(lim_R+lim_I.)/2) of the acceptable
vehicle body roll angle area becomes zero (=reference vehicle
body roll angle 6b_base).

Further, in the case where the vehicle speed V_act is higher
than the first prescribed vehicle speed V1, when the mobile
vehicle 1 is making a turn with: d_act>0 or §_act<0, the
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acceptable vehicle body roll angle area is determined such
that the center value of the acceptable vehicle body roll angle
area becomes a vehicle body roll angle (of the same polarity
as d_act) making the vehicle body 3 inclined to the same side
as the turning direction of the mobile vehicle 1, as shown in
FIG. 5B or 5C, and such that the magnitude (absolute value)
of the center value of the acceptable vehicle body roll angle
area becomes larger as the magnitude (absolute value) of the
steering angle d_act is larger.

Further, in the case where the vehicle speed V_act is higher
than the first prescribed vehicle speed V1, when the mobile
vehicle 1 is making a turn with: §_act>0 (making a turn to the
right), the acceptable vehicle body roll angle area is deter-
mined, as shown in FIG. 5B, such that, of the upper limit
lim_R and the lower limit lim_L of the acceptable vehicle
body roll angle area, the upper limit lim_R corresponding to
the right-side limit (the limit on the same side as the turning
direction) becomes closer to the reference vehicle body roll
angle 6b_base as compared with the lower limit lim_L cor-
responding to the left-side limit (in other words, such that the
magnitude (absolute value) of the center value of the accept-
able vehicle body roll angle area becomes smaller than the
magnitude (absolute value) of the reference vehicle body roll
angle 0b_base).

Further, in the case where the vehicle speed V_act is higher
than the first prescribed vehicle speed V1, when the mobile
vehicle 1 is making a turn with: §_act<0 (making a turn to the
left), the acceptable vehicle body roll angle area is deter-
mined, as shown in FIG. 5C, such that, of the upper limit
lim_R and the lower limit lim_L of the acceptable vehicle
body roll angle area, the lower limit lim_L corresponding to
the left-side limit (the limit on the same side as the turning
direction) becomes closer to the reference vehicle body roll
angle 6b_base as compared with the upper limit lim_R cor-
responding to the right-side limit (in other words, such that
the magnitude (absolute value) of the center value of the
acceptable vehicle body roll angle area becomes smaller than
the magnitude (absolute value) of the reference vehicle body
roll angle 6b_base).

It should be noted that in the present embodiment, the map
(or arithmetic expression) for use in determination of the
acceptable vehicle body roll angle area is generated such that
the acceptable vehicle body roll angle area falls between: the
value (<0) of the vehicle body roll angle 6b at which the
centrifugal force moment and the gravitational force moment
should be balanced when the mobile vehicle 1 makes a turn to
the left in the state where the front wheel 4 has been steered to
the left to the greatest possible extent (to the structural limit),
and the value (>0) of the vehicle body roll angle 6b at which
the centrifugal force moment and the gravitational force
moment should be balanced when the mobile vehicle 1 makes
aturn to the right in the state where the front wheel 4 has been
steered to the right to the greatest possible extent (to the
structural limit).

This is for preventing the vehicle body 3 from unnecessar-
ily inclining to the right or left.

Supplementally, the acceptable vehicle body roll angle
area determining section 81 has the function as the vehicle
body roll angle area setting section in the present invention. In
this case, the acceptable vehicle body roll angle area deter-
mined by the acceptable vehicle body roll angle area deter-
mining section 81 corresponds to the first vehicle body roll
angle area in the present invention.

It should be noted that the acceptable vehicle body roll
angle area may be set in such a manner that the reference
vehicle body roll angle 6b_base slightly deviates from the
acceptable vehicle body roll angle area partially (or, within a
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partial range of the vehicle speed V or the steering angle 9).
For example, the acceptable vehicle body roll angle area
shown in FIG. 5B or 5C is set such that the reference vehicle
body roll angle 6b_base slightly deviates from the acceptable
vehicle body roll angle area in the range where the vehicle
speed V_act becomes high.

Alternatively, the acceptable vehicle body roll angle area
may be set such that the reference vehicle body roll angle
Ob_base is always within the acceptable vehicle body roll
angle area.

Next, the desired roll driving moment determining section
71 carries out the processing in the first roll driving moment
calculating section 83 and the second roll driving moment
calculating section 84.

The first roll driving moment calculating section 83
receives the current (latest) vehicle body roll angle 8b_act
(observed value) and vehicle body roll angular velocity
0b_dot_act (observed value), and also receives the upper limit
lim_R and the lower limit lim_[. of the latest acceptable
vehicle body roll angle area determined in the acceptable
vehicle body roll angle area determining section 81.

The first roll driving moment calculating section 83 then
determines, as constituent components of the roll driving
major-component moment Mdl, a first component Md1_1,
which depends on the deviation state of the vehicle body roll
angle 0b_act from the acceptable vehicle body roll angle area,
and a second component Mdl_2, which depends on the
vehicle body roll angular velocity 8b_dot_act, by processing
sections 83a and 834, respectively. Further, the first roll driv-
ing moment calculating section 83 combines (sums up) the
calculated first component Md1_1 and second component
Md1_2 in an arithmetic section 83c¢, to determine a roll driv-
ing major-component moment Md1 (=Md1_1+Md1_2).

The first component Md1_1 is determined by the process-
ing section 83« in the following manner. First, a deviation
state quantity f1 which indicates the deviation state (presence/
absence of deviation, the degree of the deviation, and the
direction of the deviation) of the vehicle body roll angle
0b_base from the acceptable vehicle body roll angle area is
determined, as shown by the graph illustrated in the process-
ing section 83a. More specifically, the deviation state quantity
f1 is determined, in accordance with the comparison between
0b_act and the acceptable vehicle body roll angle area, by one
of the following expressions (1a), (1b), and (1c).

When lim_[L<<6b_act<lim_R:

=0

When 6b_act<lim_L:
f1=0b_act-lim_L

When 6b_act>lim_R:
f1=0b_act-lim_R

(1a)
(1b)

(1)

As such, in the present embodiment, in the state where the
vehicle body roll angle 6b_act falls within the acceptable
vehicle body roll angle area, the deviation state quantity f1 is
set to zero, whereas in the state where the vehicle body roll
angle 0b_act falls outside the acceptable vehicle body roll
angle area, the amount of deviation (the degree of the devia-
tion) is determined as the deviation state quantity fl. In this
case, whether the vehicle body roll angle 6b_act deviates on
the upper limit lim_R side or the lower limit lim_L side (the
direction of the deviation) is indicated by the polarity of 1.

It should be noted that the deviation state quantity f1 may
be calculated using a map.

The processing section 83a then calculates a first compo-
nent Md1_1 by multiplying the deviation state quantity fl
determined as described above by a predetermined
gain (-K1) of a prescribed negative value.
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That is, the first component Md1_1 is calculated by the
following expression (2).

Mdl_1=-K1xf1 ()]

The first component Md1_1 calculated in this manner
becomes zero in the case where lim_[L=6b_act=lim_R (i.e.in
the case where 6b_act falls within the acceptable vehicle body
roll angle area).

On the other hand, in the case where Ob_act<lim_L or
Ob_act>lim_R (i.e. in the case where 8b_act falls outside the
acceptable vehicle body roll angle area), the calculated first
component Md1_1 becomes a moment in the roll direction
having the polarity opposite to that of the deviation state
quantity fl, i.e. the moment in the roll direction in the direc-
tion of causing the vehicle body roll angle 8b_act to return to
within the acceptable vehicle body roll angle area. Further,
the magnitude of the first component Md1_1 in this case
becomes larger as the magnitude (absolute value) of the
deviation state quantity fl is larger.

Here, in the present embodiment, in the situation where the
vehicle body roll angle 6b_act falls outside the acceptable
vehicle body roll angle area, the magnitude of the aforesaid
gain K1 corresponds to the sensitivity of the change in first
component Mdl_1 to the change in vehicle body roll angle
0b_act (i.e. amount of change of Mdl_1 per unit change
amount of 8b_act). In the present embodiment, the magnitude
of'the gain K1 is preset so as to be sufficiently larger than the
sensitivity of the change in the aforesaid gravitational force
moment to the change in vehicle body roll angle 8b_act.

Therefore, in the case where the vehicle body roll angle
0b_act deviates from the acceptable vehicle body roll angle
area, when the magnitude of the amount of deviation has
increased to a certain level, the first component Mdl_1
becomes a moment that can make the vehicle body roll angle
0b_act return to within the acceptable vehicle body roll angle
area, against the gravitational force moment.

Supplementally, the first component Md1_1 may be deter-
mined using a map from, for example, 6b_dot_act (observed
value), 8b_act (observed value), and the set values of lim_I
and lim_R (or the parameters defining them).

Further, the aforesaid second component Md1_2 is deter-
mined by the processing section 835 in the following manner.
First, an adjustment factor C1 (=1) by which the vehicle body
roll angular velocity 8b_dot_act is to be multiplied is deter-
mined in accordance with the vehicle body roll angle 8b_act,
as shown by the graph illustrated in the processing section
83b. More specifically, the adjustment factor C1 is deter-
mined in accordance with the comparison between 0b_act
and the acceptable vehicle body roll angle area, by one of the
following expressions (3a), (3b), (3¢), and (3d). It should be
noted that dth represents a prescribed positive value deter-
mined in advance.

When 6b_act>lim_R, or when 0b_act<lim_L:

cl-1 (38)
When lim_R-lim_I.>2xdth and lim_[+dth<6b_act<lim R-
dth:

Cc=1=0 (3b)
When lim_R-lim_I.>2xdth and lim_L=0b_act<lim_L+dth,
or when lim_R-lim_[.=2xdth and lim_L=6b_act<(lim_I +
lim_R)/2:

C1=1-(0b,,~lim_L)/dth (3¢)
When lim_R-lim_I>2xdth and lim_R-dth<0b_act<lim_R,
or when lim_R-lim_[<2xdth and (lim_L+lim_R)/
2<0b_act<lim_R:

C1=1-(lim_R-6b_act)/dth (3d)

5

10

15

20

25

30

35

40

45

50

55

60

65

24

With the adjustment factor C1 determined in this manner,
in the case where the vehicle body roll angle 8b_act falls
outside the acceptable vehicle body roll angle area, the adjust-
ment factor C1 is determined to be “1”. In the case where the
vehicle body roll angle 6b_act falls within the acceptable
vehicle body roll angle area and takes a value relatively close
to the upper limit lim_R or the lower limit lim_L. (i.e. when
the absolute value of the difference withlim_R orlim_IL isnot
larger than the prescribed value dth), the adjustment factor C1
is determined so as to approach “1” from zero or a value closer
to zero as the vehicle body roll angle 0b_act further
approaches the upper limit lim_R or the lower limit lim_L.

It should be noted that the adjustment factor C1 may be
determined using a map.

The processing section 835 then calculates a second com-
ponent Md1_2 by multiplying the vehicle body roll angular
velocity Ob_dot_act by the adjustment factor C1 determined
as described above, and further multiplying the resultant
value by a predetermined gain (-D1) of a prescribed negative
value.

That is, the second component Md1_2 is calculated by the
following expression (4).

Md1_2=—D1xC1x6b_dot_act (©)]

The second component Md1_2 calculated in this manner
becomes a braking moment in the roll direction which func-
tions to make the vehicle body roll angular velocity
0b_dot_act approach zero (or, decelerate) in the case where
the vehicle body roll angle 6b_act falls outside the acceptable
vehicle body roll angle area, or in the case where the vehicle
body roll angle 6b_act falls within the acceptable vehicle
body roll angle area and takes a value relatively close to the
upper limit lim_R or the lower limit lim_I. (more specifically,
the absolute value of the difference withlim_R orlim_IL isnot
larger than the prescribed value dth).

Further, in the situation where the vehicle body roll angle
Ob_act is within the acceptable vehicle body roll angle area
and takes a value not so close to the upper limit lim_R or the
lower limit lim_L, the second component Md1_2 becomes
Zero.

Supplementally, the second component Mdl_2 may be
determined using a map from, for example, 6b_act (observed
value), and the set values of lim_L and lim_R (or the param-
eters defining them).

The first roll driving moment calculating section 83 sums
up the first component Md1_1 and the second component
Md1_2 calculated in the above-described manner, as shown
by the following expression (5), to calculate a roll driving
major-component moment Mdl.

Md1=Md1_1+Md1_2 )

Supplementally, the first roll driving moment calculating
section 83 has the functions as the first manipulated variable
determining section and the vehicle body roll angle deviation
state quantity calculating section in the present invention. In
this case, of the processing performed by the first roll driving
moment calculating section 83, the processing of calculating
the deviation state quantity 1 corresponds to the function as
the vehicle body roll angle deviation state quantity calculat-
ing section. Further, the roll driving major-component
moment Md1 determined by the first roll driving moment
calculating section 83 corresponds to the first manipulated
variable in the present invention.

Next, the processing performed by the second roll driving
moment calculating section 84 will be described. The second
roll driving moment calculating section 84 receives the cur-
rent (latest) vehicle body roll angle 6b_act (observed value),
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and also receives the latest reference vehicle body roll angle
0b_base determined in the reference vehicle body roll angle
determining section 82.

The second roll driving moment calculating section 84 then
calculates a roll driving sub-component moment Md2 by
multiplying the deviation of the vehicle body roll angle
0b_act from the reference vehicle body roll angle 6b_base by
a predetermined gain K2 of a prescribed positive value, as
shown in FIG. 4.

That is, the roll driving sub-component moment Md2 is
calculated by the following expression (6).

Md2=K2x(8b_base-0b_act) (6)

With the roll driving sub-component moment Md2 calcu-
lated in this manner, Md2 becomes a moment in the roll
direction which functions to make the vehicle body roll angle
0b_act approach the reference vehicle body roll angle
0b_base.

Here, in the present embodiment, the magnitude ofthe gain
K2 in the expression (6) corresponds to the sensitivity of the
change in roll driving sub-component moment Md2 to the
change in vehicle body roll angle 6b_act (i.e. amount of
change of Md2 per unit change amount of 6b_act). Further, in
the present embodiment, the magnitude of the gain K2 is
preset so as to be smaller than the sensitivity of the change in
the aforesaid gravitational force moment to the change in
vehicle body roll angle 6b_act.

It should be noted that the roll driving sub-component
moment Md2 may be determined using a map from 0b_act
(observed value) and 6b_base (set value).

Supplementally, the second roll driving moment calculat-
ing section 84 has the function as the second manipulated
variable determining section in the present invention. In this
case, the roll driving sub-component moment Md2 deter-
mined by the second roll driving moment calculating section
84 corresponds to the second manipulated variable in the
present invention.

The desired roll driving moment determining section 71
calculates the roll driving major-component moment Mdl
and the roll driving sub-component moment Md2 in the
above-described manner, and then carries out the processing
in the moment combining section 85.

The moment combining section 85 determines a desired
roll driving moment Md_cmd by summing up the calculated
Md1 and Md2, as shown by the following expression (7).

Md_omd=Md1+Md2 %)

The above has described the details of the processing in the
desired roll driving moment determining section 71.

The relationship between the desired roll driving moment
Md_cmd determined through the above-described processing
and the vehicle body roll angle 6b (function characteristics of
Md_cmd with respect to 8b) has the characteristics approxi-
mately as shown by the solid line graph in FIG. 6A or 6B.

It should be noted that FIG. 6 A shows exemplary charac-
teristics in the state where the mobile vehicle 1 is traveling
straight ahead, and FIG. 6B shows exemplary characteristics
in the state where the mobile vehicle 1 is making a turn (to the
right). In FIGS. 6A and 6B, for convenience of explanation,
the vehicle body roll angular velocity 8b_dot_act is set to be
zero or almost zero (and, hence, Md_1=0).

Further, the two-dot chain line graphs in FIGS. 6A and 6B
show, by way of example, the relationship between the gravi-
tational force moment and the vehicle body roll angle 6b. The
gravitational force moment is roughly proportional to a sine
value sin(0b) of the vehicle body roll angle 8b. Accordingly,
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when the magnitude of 0b is sufficiently small, the gravita-
tional force moment is approximately proportional to 8b.

As shown in FIGS. 6A and 6B by way of example, the
desired roll driving moment Md_cmd is determined to
become a function which monotonically changes (in the
present embodiment, monotonically decreases) with respect
to the vehicle body roll angle 6b.

Further, as the aforesaid gains K1 and K2 have been set in
the above-described manner, in the case where the value
Ob_act of the vehicle body roll angle 6b falls within the
acceptable vehicle body roll angle area, the sensitivity (“roll
driving moment sensitivity”’) of the change in Md_cmd to the
change in vehicle body roll angle 6b becomes small as com-
pared with the sensitivity (“gravitational force moment sen-
sitivity”) of the change in the gravitational force moment to
the change in vehicle body roll angle 6b. Further, in the case
where the value 0b_act of the vehicle body roll angle 6b falls
outside the acceptable vehicle body roll angle area, the roll
driving moment sensitivity becomes large as compared with
the gravitational force moment sensitivity.

Therefore, the function characteristics of the desired roll
driving moment Md_cmd with respect to the vehicle body roll
angle 0b have the aforesaid properties A to D in the present
invention.

It should be noted that in this case, the acceptable vehicle
body roll angle area, the range of the vehicle body roll angle
0b larger than the upper limit lim_R of the acceptable vehicle
body roll angle area, and the range of the vehicle body roll
angle 0b smaller than the lower limit lim_I. of the acceptable
vehicle body roll angle area correspond to the first vehicle
body roll angle area, the second vehicle body roll angle area,
and the third vehicle body roll angle area, respectively, in the
present invention.

Next, the processing in the aforesaid motor command
determining section 72 will be described. The motor com-
mand determining section 72 determines a torque command
value Tm_cmd of the electric motor 33 successively, by the
processing shown by the block diagram in FIG. 7.

In this case, as shown in FIG. 7, the motor command
determining section 72 successively receives: the desired roll
driving moment Md_cmd determined by the desired roll driv-
ing moment determining section 71; a value (observed value)
of'a coupling twist angle d¢_act, which is recognized by the
control device 70 from the output of the aforesaid coupling
twist angle sensor 65; and a value (observed value) of a
rotational speed wm_act of the rotor of the electric motor 33,
which is recognized by the control device 70 from the output
of the aforesaid motor-side rotational speed sensor 66.

At each control processing cycle, as shown in FIG. 7, the
motor command determining section 72 multiplies the
desired roll driving moment Md_cmd by the inverse of a
prescribed value Ke to calculate a desired value d¢p_cmd of
the coupling twist angle d¢. That is, the motor command
determining section 72 converts the desired roll driving
moment Md_cmd to the desired value d¢_cmd of the cou-
pling twist angle d¢ by the following expression (8a).

d¢_cmd=(1/Ke)xMd_cmd (8a)

The above-described Ke is a prescribed value which has
been preset as a value of elastic deformation coefficient (so-
called spring constant) between the input side and the output
side of the coupling 44.

Then, as shown in FIG. 7, the motor command determining
section 72 multiples the deviation of the observed value
d¢_act of the coupling twist angle d¢ from the desired value
d¢_cmd by a predetermined gain Kp of a prescribed value, to
calculate a desired value wm_cmd of the rotational speed of
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the rotor of the electric motor 33. That is, the motor command
determining section 72 calculates the desired value om_cmd
of'the rotational speed of the rotor of the electric motor 33 by
the following expression (8b).

wm_cmd=Kpx(d$p_cmd-d¢_act) (8b)

Further, as shown in FIG. 7, the motor command determin-
ing section 72 multiplies the deviation of the observed value
wm_act of the rotational speed wm of the rotor of the electric
motor 33 from the desired value wm_cmd by a predetermined
gain Kv ofa prescribed value and a predetermined moment of
inertia, Jm, of the rotor of the electric motor 33, to thereby
calculate a torque command value Tm_cmd of the electric
motor 33. That is, the motor command determining section 72
calculates the torque command value Tm_cmd by the follow-
ing expression (8c).

Tm_cmd=JmxKvx(wm_cmd-wm_act)

(8¢)

The above has described the details of the processing in the
motor command determining section 72.

Supplementally, the torque command value Tm_cmd may
be determined using a map from wm_act (observed value),
d¢_act (observed value), and Md_cmd (set value).

According to the present embodiment described above,
while the mobile vehicle 1 is traveling (traveling straight
ahead or making a turn), in the state where the vehicle body
roll angle 6b_act falls within the acceptable vehicle body roll
angle area, the desired roll driving moment Md_cmd coin-
cides, or almost coincides, with the roll driving sub-compo-
nent moment Md2, as long as the second component Md1_2
(component depending on the vehicle body roll angular
velocity 0b_dot_act) of the roll driving major-component
moment Md1 is maintained at zero or a value close to zero.

In this case, the roll driving sub-component moment Md2
becomes zero or small. Therefore, the operator can relatively
easily change the vehicle body roll angle 8b_act to a desired
inclination angle by shifting his/her body weight.

In the situation where the operator has not intentionally
shifted the body weight, when the vehicle body roll angle
0b_act differs from the reference vehicle body roll angle
0b_base, the roll driving moment (=Md2) acts on the vehicle
body 3, by the control of the electric motor 33 of the roll
driving mechanism 23, in such a way as to make the vehicle
body roll angle 6b_act approach the reference vehicle body
roll angle Bb_base. As a result, the vehicle body roll angle
0b_act is likely to be kept at an inclination angle in the
vicinity of the reference vehicle body roll angle 6b_base
which is suitable for the traveling state of the mobile vehicle
1.

On the other hand, in the case where the vehicle body roll
angle 0b_act has deviated from the acceptable vehicle body
roll angle area, the roll driving major-component moment
Md1 for causing the vehicle body roll angle 6b_act to return
to within the acceptable vehicle body roll angle area quickly
increases in magnitude. Consequently, the desired roll driv-
ing moment Md_cmd becomes a value close to the roll driv-
ing major-component moment Md1.

In this case, the roll driving major-component moment
Md1 becomes relatively large. Therefore, a further deviation
of the vehicle body roll angle 6b_act from the acceptable
vehicle body roll angle area is firmly prevented.

Further, the width of the acceptable vehicle body roll angle
area becomes smaller as the vehicle speed V_act is lower.
Therefore, as the vehicle speed V_act is lower, the vehicle
body roll angle 8b_act can be more firmly maintained at an
inclination angle close to the reference vehicle body roll angle
0b_base.
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In the situation where the vehicle body roll angle 6b_act is
about to fall outside the acceptable vehicle body roll angle
area (more specifically, in the situation where the vehicle
body roll angle 8b_act is changing toward the upper limit
lim_R or the lower limit lim_I near the upper limit lim_R or
the lower limitlim_I inthe acceptable vehicle body roll angle
area), a roll driving moment for braking the change of the
vehicle body roll angle 6b_act acts on the vehicle body 3 by
the second component Md1_2 (component depending on the
vehicle body roll angular velocity 6b_dot_act) of the roll
driving major-component moment Mdl. Accordingly, it is
possible to prevent the deviation of the vehicle body roll angle
0b_act from the acceptable vehicle body roll angle area, from
just before the deviation takes place.

‘When the mobile vehicle 1 is making a turn to the right, the
upper limit lim_R as the right-side limit of the acceptable
vehicle body roll angle area becomes closer to the reference
vehicle body roll angle 6b_base as compared with the lower
limit lim_I.. When the mobile vehicle 1 is making a turn to the
left, the lower limit lim_L as the left-side limit of the accept-
able vehicle body roll angle area becomes closer to the refer-
ence vehicle body roll angle 8b_base as compared with the
upper limit lim_R.

Accordingly, while the mobile vehicle 1 is making a turn,
the vehicle body 3 can be prevented from being overly
inclined to the same side as the turning direction.

Second Embodiment

A second embodiment of the present invention will now be
described. It should be noted that the present embodiment
differs from the first embodiment only in the processing for
determining the acceptable vehicle body roll angle area and
the reference vehicle body roll angle. Therefore, the present
embodiment will be described focusing on the differences
from the first embodiment, and the description of the same
matters as in the first embodiment will be omitted.

In the present embodiment, the acceptable vehicle body
roll angle area determining section 81 and the reference
vehicle body roll angle determining section 82 in the desired
roll driving moment determining section 71 successively
receive, instead of the steering angle 8_act of the front wheel
4,avalue (observed value) of a yaw rate wz_act (see “wz_act”
in the parentheses in FIG. 4), which is recognized by the
control device 70 from the output of the yaw rate sensor 64.

At each control processing cycle, the reference vehicle
body roll angle determining section 82 determines a reference
vehicle body roll angle 6b_base in accordance with the
received current values (latest values) of the vehicle speed
V_act and the yaw rate wz_act, by a map (or arithmetic
expression) generated in advance.

This map (or arithmetic expression) defines the relation-
ship between the arbitrary values of the vehicle speed V and
the yaw rate wz and the value of the reference vehicle body
roll angle 6b_base.

Examples of the above-described relationship defined by
the map (or arithmetic expression) are shown in FIGS. 8A,
8B, and 8C. Broken line graphs in FIGS. 8A, 8B, and 8C
show, by way of example, the relationship between the
vehicle speed V and the reference vehicle body roll angle
0b_base when the yaw rate wz is maintained at zero, when wz
is maintained at a positive value wza (wza is a representative
value), and when wz is maintained at a negative value -wza,
respectively.

The map (or arithmetic expression) for use in determina-
tion of the reference vehicle body roll angle 6b_base is gen-
erated such that the reference vehicle body roll angle 6b_base
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determined thereby coincides with a value of the vehicle body
roll angle 8b at which the centrifugal force moment, defined
in accordance with a set of the values of the vehicle speed V
and the yaw rate wz, and the gravitational force moment are
balanced (i.e. the resultant moment of the centrifugal force
moment and the gravitational force moment becomes zero or
almost zero).

The reference vehicle body roll angle 6b_base determined
by the reference vehicle body roll angle determining section
82 in accordance with the vehicle speed V_act and the yaw
rate wz_act by using the map (or arithmetic expression)
becomes zero when the mobile vehicle 1 is stopped (V_act=0)
or traveling straight ahead (wz_act=0), as shown in FIG. 8A,
as in the first embodiment.

In the state where the mobile vehicle 1 is making a turn,
with wz_act=0, the reference vehicle body roll angle 6b_base
is determined, as shown in FIG. 8B or 8C, such that the
magnitude (absolute value) of the reference vehicle body roll
angle 0b_base becomes larger as V_act is larger or as the
magnitude (absolute value) of wz_act is larger. In this case, in
the case where wz_act>0 (where the vehicle is making a turn
to the right), the reference vehicle body roll angle 6b_base
becomes a positive inclination angle (inclination angle in the
state where the vehicle body 3 is inclined to the right), as
shown in FIG. 8B. In the case where wz_act<0 (where the
vehicle is making a turnto the left), the reference vehicle body
roll angle 6b_base becomes a negative inclination angle (in-
clination angle in the state where the vehicle body 3 is
inclined to the left), as shown in FIG. 8C.

Further, in the present embodiment, the aforesaid accept-
able vehicle body roll angle area determining section 81
determines an acceptable vehicle body roll angle area in
accordance with the current values (latest values) of the
vehicle speed V_act and the yaw rate wz_act, by a map (or
arithmetic expression) generated in advance.

This map (or arithmetic expression) defines the relation-
ship between the arbitrary values of the vehicle speed V and
the yaw rate wz and the upper limit lim_R and the lower limit
lim_L of the acceptable vehicle body roll angle area.

Examples of the above-described relationship defined by
the map (or arithmetic expression) (examples in the case
where the yaw rate wz is maintained at zero, at a positive value
wza, and at a negative value —wza, respectively) are shown by
the solid line graphs in FIGS. 8A, 8B, and 8C.

The characteristics of the changes of the upper limit lim_R
and the lower limit lim_L of the acceptable vehicle body roll
angle area determined by the above map (or arithmetic
expression) with respect to the vehicle speed V are identical to
those in the first embodiment.

As to the characteristics of the changes of the upper limit
lim_R and the lower limit lim_L of the acceptable vehicle
body roll angle area with respect to the yaw rate wz, in the
case where the vehicle speed V_act is higher than the above-
described first prescribed vehicle speed V1, when the mobile
vehicle 1 is making a turn, with wz_act>0 or wz_act<0, the
acceptable vehicle body roll angle area is determined, as
shown in FIG. 8B or 8C, such that the center value of the
acceptable vehicle body roll angle area becomes a vehicle
body roll angle (of the same polarity as wz_act) making the
vehicle body 3 inclined to the same side as the turning direc-
tion of the mobile vehicle 1, and such that the magnitude
(absolute value) of the center value of the acceptable vehicle
body roll angle area becomes larger as the magnitude (abso-
lute value) of the yaw rate wz_act is larger.

Further, in the case where the vehicle speed V_act is higher
than the first prescribed vehicle speed V1, when the mobile
vehicle 1 is making a turn with: wz_act>0 (making a turn to
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the right), the acceptable vehicle body roll angle area is deter-
mined, as shown in FIG. 8B, such that, of the upper limit
lim_R and the lower limit lim_L of the acceptable vehicle
body roll angle area, the upper limit lim_R corresponding to
the right-side limit (the limit on the same side as the turning
direction) becomes closer to the reference vehicle body roll
angle Ob_base as compared with the lower limit lim_L cor-
responding to the left-side limit (in other words, such that the
magnitude (absolute value) of the center value of the accept-
able vehicle body roll angle area becomes smaller than the
magnitude (absolute value) of the reference vehicle body roll
angle 0b_base).

Further, in the case where the vehicle speed V_act is higher
than the first prescribed vehicle speed V1, when the mobile
vehicle 1 is making a turn with: wz_act<0 (making a turn to
the left), the acceptable vehicle body roll angle area is deter-
mined, as shown in FIG. 8C, such that, of the upper limit
lim_R and the lower limit lim_L of the acceptable vehicle
body roll angle area, the lower limit lim_L corresponding to
the left-side limit (the limit on the same side as the turning
direction) becomes closer to the reference vehicle body roll
angle 0b_base as compared with the upper limit lim_R cor-
responding to the right-side limit (in other words, such that
the magnitude (absolute value) of the center value of the
acceptable vehicle body roll angle area becomes smaller than
the magnitude (absolute value) of the reference vehicle body
roll angle 6b_base).

The present embodiment is identical to the first embodi-
ment except for the matters described above.

According to the present embodiment as well, it is possible
to achieve the effects similar to those in the first embodiment.

It should be noted that in the present embodiment, the
acceptable vehicle body roll angle area is set such that the
reference vehicle body roll angle 6b_base is always within the
acceptable vehicle body roll angle area, as shown in FIGS.
8A, 8B, and 8C. Alternatively, the acceptable vehicle body
roll angle area may be set in such a manner that the reference
vehicle body roll angle 6b_base slightly deviates from the
acceptable vehicle body roll angle area partially (or, within a
partial range of the vehicle speed V or the yaw rate wz).

Third Embodiment

A third embodiment of the present invention will now be
described. It should be noted that the present embodiment
differs from the first embodiment only in the processing for
determining the reference vehicle body roll angle 6b_base.
Therefore, the present embodiment will be described focus-
ing on the differences, and the description of the same matters
as in the first embodiment will be omitted.

In the aforesaid first embodiment, the reference vehicle
body roll angle 6b_base is determined to be zero when the
vehicle speed V_act is zero, irrespective of the steering angle
d_act of the front wheel 4.

In contrast, in the present embodiment, in the state where
the mobile vehicle 1 is stopped or traveling at a very low
speed, i.e. in the state where the vehicle speed V_act is lower
than a second prescribed vehicle speed V2, the reference
vehicle body roll angle 6b_base is determined variably in
accordance with the steering angle d_act of the front wheel 4,
as shown in FIG. 9A or 9B by way of example.

In FIG. 9A, the reference vehicle body roll angle 6b_base
when the steering angle 3 of the front wheel 4 takes a certain
positive value 8% is shown by a broken line graph. In FIG. 9B,
the reference vehicle body roll angle 6b_base when the steer-
ing angle 3 of the front wheel 4 takes a certain negative value
-3x is shown by a broken line graph.
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It should be noted that the above-described second pre-
scribed vehicle speed V2 may take a value which is the same
as, or different from, that of the aforesaid first prescribed
vehicle speed V1 shown in FIGS. 5A, 5B, and 5C.

As shown in the figure, in the present embodiment, when
the steering angle §_act of the front wheel 4 takes a positive
value (when the front wheel 4 is steered to the right) in the
state where the vehicle speed V_act is lower than the second
prescribed vehicle speed V2 (including the stopped state
where V_act=0), the reference vehicle body roll angle
0b_base is determined to be a positive value 8b(0x), i.e. an
inclination angle by which the vehicle body 3 is inclined to
the same (here, right) side as the steered direction of the front
wheel 4.

Further, when the steering angle §_act of the front wheel 4
takes a negative value (when the front wheel 4 is steered to the
left) in the state where the vehicle speed V_act is lower than
the second prescribed vehicle speed V2, the reference vehicle
body roll angle 6b_base is determined to be a negative value
0b(-0x), i.e. an inclination angle by which the vehicle body 3
is inclined to the same (here, left) side as the steered direction
of the front wheel 4.

The magnitude of the reference vehicle body roll angle
0b_base in the state where the vehicle speed V_act is lower
than the second prescribed vehicle speed V2 is determined to
become larger as the magnitude of the steering angle 6_act of
the front wheel 4 is larger.

It should be noted that in the state where the vehicle speed
V_act is not lower than the second prescribed vehicle speed
V2, the reference vehicle body roll angle 6b_base is deter-
mined to be a value of the vehicle body roll angle 6b at which
the centrifugal force moment and the gravitational force
moment are balanced (where the resultant moment of the
centrifugal force moment and the gravitational force moment
becomes zero or almost zero).

The present embodiment is identical to the first embodi-
ment except for the above-described matters.

According to the present embodiment, the following
effects can be achieved. At the time of starting a mobile
vehicle 1, when an operator of the mobile vehicle 1 wishes to
turn the mobile vehicle 1 to the right or left immediately after
it has started, it is often the case that the operator steers the
front wheel 4 to the same side as the direction in which he/she
wishes to turn the mobile vehicle 1, before starting the mobile
vehicle 1.

In this case, as the reference vehicle body roll angle
0b_base in the state where the vehicle speed V_act is lower
than the second prescribed vehicle speed V2 is determined in
the above-described manner, it is possible for the operator of
the mobile vehicle 1 to smoothly incline the vehicle body 3 to
the same side as the turning direction when making a turn
immediately after the starting of the mobile vehicle 1.

It should be noted that the configuration of determining the
reference vehicle body roll angle 6b_base in the state where
the vehicle speed V_act is lower than the second prescribed
vehicle speed V2 in accordance with the steering angle d_act
of the front wheel 4 in the above-described manner may be
applied to the aforesaid second embodiment.
[Modifications]

Several modifications to the embodiments described above
will now be described.

In each of the aforesaid embodiments, the desired roll
driving moment Md_cmd is determined such that the sensi-
tivity of the change in desired roll driving moment Md_cmd
to the change in vehicle body roll angle 6b (in other words, the
value obtained by partially differentiating Md_cmd by 6b)
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changes discontinuously inside and outside the acceptable
vehicle body roll angle area, as shown in FIGS. 6A and 6B by
way of example.

Alternatively, it is possible to adopt a configuration where
the desired roll driving moment Md_cmd is determined such
that the above-described sensitivity changes continuously, for
example, around each of the upper limit lim_R and the lower
limit lim_L of the acceptable vehicle body roll angle area.

For example, in the processing of obtaining the first com-
ponent Md1_1 of the aforesaid roll driving major-component
moment Md1 (in the processing in the processing section
83a), the aforesaid deviation state quantity f1 is determined in
accordance with the vehicle body roll angle 6b, as shown by
the graph in FIG. 10A, 10B, or 10C by way of example.

In this case, in the example shown in FIG. 10A, 10B, or
10C, the deviation state quantity {1 is determined such that the
sensitivity of the change in f1 to the change in 8b changes
continuously around each of the upper limit lim_R and the
lower limit lim_I of the acceptable vehicle body roll angle
area.

In FIG. 10A, the upper limit lim_R and the lower limit
lim_L of the acceptable vehicle body roll angle area are each
set to an intermediate value within the range of 6b in which
the sensitivity of the change in f1 to the change in 6b is
changing. In FIG. 10B, the upper limit lim_R and the lower
limit lim_L of the acceptable vehicle body roll angle area are
each set such that the sensitivity of the change in f1 to the
change in 6b becomes a constant value (here, zero) within that
area. Further, in FIG. 10C, the upper limit lim_R and the
lower limit lim_I of the acceptable vehicle body roll angle
area are each set such that the sensitivity of the change in {1 to
the change in 6b becomes a constant value outside that area.

Determining the deviation state quantity fl in accordance
with the vehicle body roll angle 6b as described above makes
it possible to cause the sensitivity of the change in desired roll
driving moment Md_cmd to the change in vehicle body roll
angle 6b to change continuously.

Further, in each of the aforesaid embodiments, the desired
roll driving moment Md_cmd is determined by combining
the roll driving major-component moment Md1 and the roll
driving sub-component moment Md2. Alternatively, for
example, the roll driving major-component moment Md1 as it
is may be determined to be the desired roll driving moment
Md_cmd.

In this case, the processing in the reference vehicle body
roll angle determining section 82, the processing in the sec-
ond roll driving moment calculating section 84, and the pro-
cessing in the moment combining section 85 become unnec-
essary.

Further, in each of the aforesaid embodiments, the second
component Mdl_2 of the roll driving major-component
moment Md1 may be determined such that not only the first
component Mdl_1 of the roll driving major-component
moment Md1, but also the second component Md1_2 become
zero in the case where the vehicle body roll angle 6b_act falls
within the acceptable vehicle body roll angle area. In other
words, the roll driving major-component moment Md1l may
be determined such that the roll driving major-component
moment Mdl1 is constantly zero in the case where the vehicle
body roll angle 6b_act falls within the acceptable vehicle
body roll angle area.

Further, in each of the aforesaid embodiments, the roll
driving major-component moment Md1 and the roll driving
sub-component moment Md2 are determined as those corre-
sponding to the first manipulated variable and the second
manipulated variable of the present invention. Alternatively,
other types of control manipulated variables, including a



US 9,327,569 B2

33

desired value of the driving force of the actuator such as the
electric motor 33 of the roll driving mechanism 23, may be
determined as the first manipulated variable and the second
manipulated variable.

Further, in each of the embodiments described above, the
mobile vehicle having one front wheel 4 and two rear wheels
5, 5 has been described by way of example. The mobile
vehicle of the present invention, however, may be a mobile
vehicle which has two wheels, spaced apart from each other in
the lateral direction, for both of the front wheels and the rear
wheels, or may be a mobile vehicle which has two front
wheels and one rear wheel.

What is claimed is:

1. A mobile vehicle including

a vehicle body having a boarding section for an operator

and inclinable in a roll direction with respect to a road
surface,

two wheels disposed spaced apart from each other in a

lateral direction on at least one of a front side and a rear
side of the vehicle body, and
aroll driving mechanism having an actuator and causing a
roll driving moment as a road surface reaction force
moment in the roll direction to act on the vehicle body in
accordance with a driving force output by the actuator,

the mobile vehicle having a characteristic that, while trav-
eling, a turning behavior changes in accordance with a
shift in the lateral direction of a body weight of the
operator seated on the boarding section, and having a
characteristic that, while being stopped, in the case
where the vehicle body is inclined in the roll direction in
a state where the roll driving moment acted on the
vehicle body by the roll driving mechanism is zero, the
inclination of the vehicle body further increases by a
gravitational force moment which is amoment in the roll
direction acting on the vehicle body because of gravita-
tional force,
the mobile vehicle comprising a control device which con-
trols the actuator of the roll driving mechanism in such a
way as to change the roll driving moment at least in
accordance with an observed value of a vehicle body roll
angle which is an inclination angle in the roll direction of
the vehicle body, wherein
the control device is configured to control the actuator of
the roll driving mechanism such that, at least in a case
where an actual vehicle speed of the mobile vehicle is
higher than a first prescribed vehicle speed, function
characteristics of the roll driving moment implemented
by the control of the actuator of the roll driving mecha-
nism by the control device with respect to the vehicle
body roll angle have following properties A, B, and C:

property A: a magnitude of roll driving moment sensitivity
defined by the function characteristics can be classified
as large and small, the magnitude of the roll driving
moment sensitivity becomes small in a first vehicle body
roll angle area which is one range of the vehicle body roll
angle, and the magnitude of the roll driving moment
sensitivity becomes large in a second vehicle body roll
angle area which is a range of the vehicle body roll angle
larger than an upper limit of the first vehicle body roll
angle area and in a third vehicle body roll angle area
which is a range of the vehicle body roll angle smaller
than a lower limit of the first vehicle body roll angle area;

property B: the roll driving moment in each of the second
and third vehicle body roll angle areas is a moment in a
direction of causing the observed value of the vehicle
body roll angle to approach within the first vehicle body
roll angle area; and
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property C: the magnitude of the roll driving moment sen-
sitivity in the first vehicle body roll angle area is smaller
than a magnitude of gravitational force moment sensi-
tivity, and the magnitude of the roll driving moment
sensitivity in each of the second and third vehicle body
roll angle areas is larger than the magnitude of the gravi-
tational force moment sensitivity.

2. The mobile vehicle according to claim 1, wherein the
control device is configured to control the actuator of the roll
driving mechanism such that, at least in the case where the
actual vehicle speed of the mobile vehicle is higher than the
first prescribed vehicle speed, the function characteristics
further have following property D:

property D: the roll driving moment changes monotoni-

cally with respect to the vehicle body roll angle.

3. The mobile vehicle according to claim 1, wherein the
control device is configured to control the actuator of the roll
driving mechanism in accordance with an observed value of
the vehicle body roll angle and an observed value of the
vehicle speed such that a width of the first vehicle body roll
angle area in the function characteristics becomes narrower as
the vehicle speed of the mobile vehicle is lower.

4. The mobile vehicle according to claim 3, wherein the
control device is configured to control the actuator of the roll
driving mechanism such that, in a state where the observed
value of the vehicle speed of the mobile vehicle is not higher
than the first prescribed vehicle speed, the upper limit and the
lower limit of the first vehicle body roll angle area take an
identical value, that a range of the vehicle body roll angle
larger than the identical value and a range of the vehicle body
roll angle smaller than the identical value become the second
and third vehicle body roll angle areas, respectively, and that
the function characteristics have the properties B and C
related to the second and third vehicle body roll angle areas.

5. The mobile vehicle according to claim 1, wherein the
control device is configured to control the actuator of the roll
driving mechanism in accordance with an observed value of
the vehicle body roll angle and an observed value of a steering
angle from a neutral state of a steered wheel included in the
mobile vehicle such that, at least in the case where the actual
vehicle speed of the mobile vehicle is higher than the first
prescribed vehicle speed, a center value of the first vehicle
body roll angle area becomes zero when the mobile vehicle is
traveling straight ahead and, when the mobile vehicle is mak-
ing a turn, the center value of the first vehicle body roll angle
area becomes a value of the vehicle body roll angle in a state
where the vehicle body is inclined to the same side as a
turning direction of the mobile vehicle and a magnitude of the
center value of the first vehicle body roll angle area becomes
larger as a magnitude of the steering angle from the neutral
state of the steered wheel is larger.

6. The mobile vehicle according to claim 1, wherein the
control device is configured to control the actuator of the roll
driving mechanism in accordance with an observed value of
the vehicle body roll angle and an observed value of a yaw rate
of the mobile vehicle such that, at least in the case where the
actual vehicle speed of the mobile vehicle is higher than the
first prescribed vehicle speed, a center value of the first
vehicle body roll angle area becomes zero when the mobile
vehicle is traveling straight ahead and, when the mobile
vehicle is making a turn, the center value of the first vehicle
body roll angle area becomes a value of the vehicle body roll
angle in a state where the vehicle body is inclined to the same
side as a turning direction of the mobile vehicle and a mag-
nitude of the center value of the first vehicle body roll angle
area becomes larger as a magnitude of the yaw rate of the
mobile vehicle is larger.
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7. The mobile vehicle according to claim 5, wherein the
control device is configured to control the actuator of the roll
driving mechanism such that, at least at the time when the
mobile vehicle is making a turn in the state where the actual
vehicle speed of the mobile vehicle is higher than the first
prescribed vehicle speed, one of a limit value of the upper
limit and the lower limit of the first vehicle body roll angle
area that is on the same side as the turning direction of the
mobile vehicle becomes a value closer to a reference vehicle
body roll angle as compared with a limit value on a side
opposite to the turning direction.

8. The mobile vehicle according to claim 6, wherein the
control device is configured to control the actuator of the roll
driving mechanism such that, at least at the time when the
mobile vehicle is making a turn in the state where the actual
vehicle speed of the mobile vehicle is higher than the first
prescribed vehicle speed, one of a limit value of the upper
limit and the lower limit of the first vehicle body roll angle
area that is on the same side as the turning direction of the
mobile vehicle becomes a value closer to a reference vehicle
body roll angle as compared with a limit value on a side
opposite to the turning direction.

9. The mobile vehicle according to claim 1, wherein the
control device is configured to control the actuator of the roll
driving mechanism in accordance with a deviation of an
observed value of the vehicle body roll angle from a reference
vehicle body roll angle such that, at least in a case where the
actual vehicle speed of the mobile vehicle is higher than a
second prescribed vehicle speed, in a situation where the
observed value of the vehicle body roll angle takes a value
within the first vehicle body roll angle area, the observed
value of the vehicle body roll angle approaches the reference
vehicle body roll angle.

10. The mobile vehicle according to claim 9, wherein the
control device is configured to

set the reference vehicle body roll angle in accordance with

an observed value of a steering angle from a neutral state
of a steered wheel included in the mobile vehicle such
that, in a case where the actual vehicle speed of the
mobile vehicle is not higher than the second prescribed
vehicle speed, the reference vehicle body roll angle
becomes a value of the vehicle body roll angle to the
same side as the steering angle of the steered wheel from
the neutral state, and

control the actuator of the roll driving mechanism in accor-

dance with the deviation of the observed value of the
vehicle body roll angle from the reference vehicle body
roll angle in such a way as to cause the observed value of
the vehicle body roll angle to approach the reference
vehicle body roll angle.

11. The mobile vehicle according to claim 1, wherein

the control device includes

a vehicle body roll angle area setting section which sets
the first vehicle body roll angle area,

a vehicle body roll angle deviation state quantity calcu-
lating section which calculates a deviation state quan-
tity indicating a deviation state of the observed value
of'the vehicle body roll angle from the set first vehicle
body roll angle area, and

a first manipulated variable determining section which
determines a first manipulated variable, which is a
manipulated variable for controlling the actuator of
the roll driving mechanism to generate the roll driving
moment for reducing the deviation of the observed
value of the vehicle body roll angle, in accordance
with the calculated deviation state quantity, or in
accordance with the calculated deviation state quan-
tity and an observed value of a vehicle body roll
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angular velocity, which is a temporal change rate of
the vehicle body roll angle, and

the control device is configured to control the actuator of

the roll driving mechanism at least in accordance with

the determined first manipulated variable.

12. The mobile vehicle according to claim 9, wherein

the control device includes

a vehicle body roll angle area setting section which sets
the first vehicle body roll angle area,

a vehicle body roll angle deviation state quantity calcu-
lating section which calculates a deviation state quan-
tity indicating a deviation state of the observed value
ofthe vehicle body roll angle from the set first vehicle
body roll angle area,

a first manipulated variable determining section which
determines a first manipulated variable, which is a
manipulated variable for controlling the actuator of
the roll driving mechanism to generate the roll driving
moment for reducing the deviation of the observed
value of the vehicle body roll angle, in accordance
with the calculated deviation state quantity, or in
accordance with the calculated deviation state quan-
tity and an observed value of a vehicle body roll
angular velocity, which is a temporal change rate of
the vehicle body roll angle,

areference vehicle body roll angle setting section which
sets the reference vehicle body roll angle, and

a second manipulated variable determining section
which determines a second manipulated variable,
which is a manipulated variable for controlling the
actuator of the roll driving mechanism to generate the
roll driving moment for causing the deviation of the
observed value of the vehicle body roll angle from the
set reference vehicle body roll angle to approach zero,
at least in accordance with the deviation, and

the control device is configured to control the actuator of

the roll driving mechanism at least in accordance with a

combined value of the determined first and second

manipulated variables.

13. The mobile vehicle according to claim 11, wherein the
first manipulated variable determining section is configured
to

determine the first manipulated variable in accordance

with the calculated deviation state quantity and an

observed value of the vehicle body roll angular velocity,
and

in a case where the observed value of the vehicle body roll

angle falls within the set first vehicle body roll angle area
and takes a value close to an upper limit or a lower limit
of the first vehicle body roll angle area, determine the
first manipulated variable in accordance with the
observed value of the vehicle body roll angular velocity
in such a way as to cause the vehicle body roll angular
velocity to approach zero.

14. The mobile vehicle according to claim 12, wherein the
first manipulated variable determining section is configured
to

determine the first manipulated variable in accordance

with the calculated deviation state quantity and an

observed value of the vehicle body roll angular
velocity, and

in a case where the observed value of the vehicle body roll

angle falls within the set first vehicle body roll angle area
and takes a value close to an upper limit or a lower limit
of the first vehicle body roll angle area, determine the
first manipulated variable in accordance with the
observed value of the vehicle body roll angular velocity
in such a way as to cause the vehicle body roll angular
velocity to approach zero.
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